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Ff O 


sir JOSEPH BANKS, Barr. 


PRESIDENT OF THE ROYAL SOCIETY. 





SIR, 

Your own exertions towards the 
advancement of knowledge, the encourage- 
ment you have conftantly given to the efforts 
of others, with the elevated fituation you fo 
juftly fill in the circle of fcience, naturally 
prompt the candidate for philofophic fame to 


look up to you as his patron. 


The greater part of the following pages, 
as you will perceive, has already appeared 
before the public, through the moft re{pect- 
able channel. 


TuHEsE confiderations, Sir, with the flat. 
tering manner in which you were pleafed to 


receive the firft paper, which contained, as I 





may 

















DEDICATION. 
may fay, the embryo of the fucceeding ones, 


induce me to hope this little production may 


ieee 


not prove unworthy of your protection. 


I have the honour to be, 
With the utmoft refpect, 
SIR, 





Your moft obedient humble fervant, 


R @ WA L KE R 8 
OXFORD, 
September 10, 1796, 
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PREFACE, 


aoe Experiments, On the Production of 

Artificial Cold without the Ufe of Ice, 
which form the principal fubject of the fol- 
lowing papers, having acquired fome degree of 
celebrity in the philofophical world, and like- 
wife grown to fome degree of refpectability 
with regard to bulk, feveral gentlemen have 
fuggefted to me the propriety of giving an ac- 
count of them together, alledging as a reafon, 
that many may wifh to purchafe thefe at a 
{mall expence, who do not poffefs, or may 
not have an opportunity of feeing, the Philo- 


fophical Tranfactions. 


I have therefore refolved, as the fubject 
isnow, with refpect to myfelf, brought to a 
conclufion, fo far to comply with the opinion 

a of 












































il PREFACE. 
of my friends, as my neceflary avocations will 
permit : upon this confideration, I have 


thought proper to publith the papers as they 


were read before the Royal Society, and after- 
wards honoured with a place in the Philofo- 
phical Tranfactions. By adopting this plan, 
the inconvenience of repetition will unavoid- 
ably in a few inftances occur ; but this I pre- 
fume, the reader, who is fond of tracing the 
progreflive fteps of fcience, will readily for- 
give. : 


It will doubtlefs be remarked, that this 
fubject has been very flow in its progrefs 
under my hands i the principal reafons for 
which are, the very fmall portion of time I 
have to {pare out of my bufinefs, and the 
rare and diftant opportunities which pre- 
fented to me for making fome of the expe- 
riments, particularly thofe which required a 
great degree of natural cold ; and, moreover, 
it happened on account of other circumftances, 
that of thofe opportunities which did offer 
I could catch but few, and thefe chiefly at 
the moft unfeafonable times, being frequently 
by candle-light, in the fharpeft weather of 
the moft fevere winters. 


It 

















PREFACE, i 

It may be neceflary to obferve, that 
whilft I claim for myfelf an exclufive right to 
the merit of thefe difcoveries, if any belong 
to them, juftice requires me to declare, that 
the inaccuracies in {tyle and language, what- 
ever they be, attach to noone elfe: but thefe, 
I truft, will be overlooked, if the experiments 
be found interefting, and the relation of them 


faithful and intelligible. 


In the Introduction will be found, I 
believe, an impartial, though concife account, 
of the ftate of this {ubject at the commence- 
ment of thefe experiments; which, with the 
various notes and obfervations inter{perfed in 
the courfe of this little work, will, I con- 
ceive, form a tolerably perfect compendium 
of this curious branch of experimental philo- 
_ fophy, and at the fame time enable the reader 
to judge of the progrefs I have made in it. 


INTRODUCTION 
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INTRODUCTION. 


“es 
‘| HERE. are three different methods of pro- 
ducing Artificial Cold, viz. Firft, by the ex- 
panfion or rarefaction of the air; fecondly, by 
evaporation with different fluids; and, thirdly, 
by mixtures, which produce that effeét, in con- 
fequence of the folution which takes place from 
the chemical aétion on each other, of the fub- 
{tances mixed. 


The firft of thefe, producing effets the leaft 
powerful, 1s feldom ufed with that intention ; 
but, as there are fome curious inftances in this 
way, I fhall mention a few of the mofk ftriking 
of them: thus it is found, that a few degrees of 
cold are produced, by the expanfion of the air 
in the receiver of an air-pump, when a part of 
it is haftily pumped out; and likewife by dif- 
charging the air of an air-gun*, upon the bulb 
of a thermometer. 


But 


* Dr, Darwin’s Experiments.—Phil, Tranf, 1788. 














vl INTRODUCTION. 


But the moft remarkable inftance of this kind, 
viz. of cold produced by the fudden rarefaétion 
of the air, is exhibited by the fountain of Hiero, 
at the Chemnicenfian mines in Hungary. In this 
machine the air in a large veffel is comprefled 
by a column of water 260 feet high, a ftop-cock 
is then opened, and as, the air iffues out with 
great vehemence, and thus becomes immediately 
greatly expanded, fo much cold is produced, 
that the moifture from this ftream of air is pre- 
cipitated in the form of {now, and ice is formed, 
adhering to the nofle of the cock. 

This remarkable circumftance is defcribed at 
large, with a plate of the machine, in Phil. Tranf, 
vol. 52. 


With refpeét to the fecond method, that is, by 
the evaporation of fluids, I fhall mention thofe 
three which are moft commonly ufed for this 
purpofe, viz. vitriolic ether, re€tified fpirit of 
wine, and water; the former of thefe being the 
lighteft and moft evaporable liquor known, it 
.confequently produces much greater cold in this 
way than any other, and is therefore generally 
ufed for this purpofe. 

This, applied in the common way, that is, by 
wetting the bulb of a thermometer with it, and 
blowing on the bulb to haften the evaporation, 

produces 

















INTRODUCTION. 


produces about thirty degrees of cold; rectified 
{fpirit of wine, thus treated, about twelve ; and 
water about five, degrees of cold, 


Evaporation, though not the moft powerful 
in its effeéts this way, 1s that which is moft ge- 
nerally known, and in which we are more im- 
mediately interefted, it being the common pro- 
cefs of nature for producing cold, and of which 
our feelings occafionally give us fufficient evi- 
dence,* one inftance of which being remarkable, 
I fhall, though it be rather foreign to the fub- 
je of artificial cold, mention here. 

The following experiment fhews the power 
of the living body for refifting heat, when im- 
merfed in a fluid confiderably adove its own 
temperature, particularly in air, that being a 
bad condué€or of heat. 

Dr. Forpyce, Dr. BLacpeEn, and otHers, went 
into a room in which the air was furprifingly 
hot: Dr. BLacpen concluded thefe experiments,T 
by going into air heated to 260°, and flayed 
eight or nine minutes; eggs and beef fteaks 

being 

* Evaporation keeps the body cool in extreme heat :—heat 


produces perfpiration ; and perfpiration, by evaporating, pro- 
duces cold. 

+ Phil. Tranf. 1745, fee page 485.—See likewile, in the 
fame volume, more “ experiments in an heated room,” by 
Dr. Dozson. 


Vili 



























































Vill INTRODUCTION. 
being placed on a tin * in the fame place, the firft 
were foon baked hard, and the latter were per- 





feétly drefled in thirteen minutes :—-a dog was 
kept in the air at 220°, for half an hour, without 
being injured, only panting much, and-difcharg- 
ing a good deal of faliva. In thefe experiments 
it was found, that the heat. of the body was 
raifed but little above its natural temperature ; 
but the pulfe fhewed that the circulation was 
much accelerated. 

But it muft not be inferred hence, that the na- 
tural temperature of the human body is pre- 
ferved, when immerfed’ in a medium much 
warmer than itfelf, (as in the above experiment, 
in-heated air), folely by the cold produced by 
evaporation, fince experiments have proved 
that the living body hasa power of abforbing 
heat, by a change of capacity in the fluids, as 
well as of generating heat.t 


The third method, viz. by mixture, being 
chiefly the fubjeé& of the following pages, I fhall 
refer to thofe, only fimply flating the extent of 
our knowledge in this way, at the commence- 
ment of the following experiments. This was 
comprehended in knowing, that there were three 

falts 


* A metal is a much better conduéor of heat than air ; 
whence the tin communicates its heat much quicker, to the 
fubfta 


ubitance in contact with it, than the air alone, 


+ Crawrorp on Animal Heat, p. 986. 
































INTRODUCTION 


falts which have the property otf producing cold 


by folution in water, viz. fal ammoniac, which 


produces about 26 de 2eTees of cold, nitre about 
17, and common falt only 2 degrees.* 


We fhall indeed find in different authors va- 
rious mixtures for producing artificial cold; but 
as none of them exceed in this p 
Paes of fal ammontac a 

vater, they are fcarcely worth 


+ See ye ray XA hich 
ever, as there is one to which 





poe Oc eee ay | 5 WETS 1 pa 
power. is aicribed than tne 
t 


tion it. 


This is an experiment of M. Homsere,t and 
confifts in pouring a pint and a half of difulled 
vinegar upon two pounds of a powder, com- 
pofed of equal parts of {fal ammoniac and cor- 
rofive fublimate, fhaking them well together. 

lt as, faid> that: *athis compofition 1 will be fo 
very cold, that a man can hardly hold the veffel 
in his hands in fummer; and it chanced, as 


WW) Se, Spits ee aidan Iban CQ do 
* ¢ When FAuRENHEIT’s thermometer ftood at 68 de- 


grees, both in the open air, and in the water which was ufed 


for the experiments, I faturated equal portions of water with 
fal ammoniac, with faltpetre, and with fea falt. The fal am- 


moniac made the thermometer fink from 68 to 42 degrees ; 


hence 26 degrees of cold were prodi uced : the nitre 


- 


17 degrees, and the fea falt produced only 2 degrees.’ 


Warson’s Effays, vol. i. p. 136. 


Phil, Tranf, abridged, by Morrs, vol, i. p. 7. 

















x INTRODUCTION. 
Monfieur Homperc was making this mixture,” 
before the Society, ‘‘ that the fubjeét froze.” 

Having met with the above account a fhort 
time after I had fucceeded in producing ice by 
a folution of falts in water, during the hotteft 
weather of fummer, I was induced to give this 
a trial, and therefore immediately (June 30, 
1786), prepared a mixture of this kind, in 
a f{maller quantity, but found it produced 
only 32 degrees of cold, which is not more 
than I have been able to produce, as will be 
afterwards feen, by diflolving fal ammoniac alone 
in water. 


There 1s likewife a method of Bozrnaave’s,* 
for making ice, which confifts in making feveral 
feparate mixtures of fal ammoniac and water 
previoufly, and then adding thefe mixtures to- 
gether: this I likewife tried, but, as I expected, 
found no increafe of cold thereby. We fhall 
now and then meet with an obfervation, that ice 
was fometimes produced by frigorific mixtures ; 
but that has been found to happen only when 
the coldnefs of the air was favourable to it, as 
in {pring or autumn. 


Mr. Boytr, who made a great many experi- 
ments, and has written a great deal on the pro- 


duction 


* Chamb, Cyclop. Article « Freezing mixture,” 
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INTRODUCTION. xi 
du@ion of artificial cold, was, I believe, the 
firft perfon who obferved that fal ammoniac 
produces cold by folution in water: in his works 
vill be found an account of various experiments 
made with the ufe of this falt, particularly one, 
entitled ‘A new frigorific experiment, fhewing how 
a confiderable degree of cold may be fuddenly pro- 
duced without the help of fnow, wee, hail, wind, or 
nitre, and that at any time of the year.” Boyre’s 
Works, vol. 11. page 144. 

This new fri Sorifié experiment confifted in dir. 
folving fal ammoniac in water, which, Mr. Boye 
obferves, exceeds very much in this way the 
power of ae Eee for Pee 
ficial cold then known, making a comparifon of 
its effe€ts, principally with nitre, which was 
already known to produce a confiderable effect 
this way. Mr. B. obferves, that in the {pring 
and autumn, that is, when the weather was cool, 
the cold produced by the fal ammoniac has been 
fometimes fufficient to freeze water; he likewife 
propofes its ufe for cooling liquors, regretting 
it was fuch an expenfive article; but at the 
fame time informing his readers, that this cir- 
cumftance might in fome meafure be obviated, 
by recovering the falt for ufe again by evapo- 
ration. 


Monfieur 
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Xil 





Monfieur Georrroy, in his obfervations “ on 
cold diffolutions and fermentations,’* obferves, 
that fal ammoniac cools the water wherein it is 
diffolved more than any other falt; that fome- 
times, when the te pansy, ture was fufficiently 

cold, ice has been produced by this mixture ; 
rf likewife added half an ounce of fal ammoniac 
to three ounces of {pirit of vitriol, which madea 
violent fermentation, and produced confiderable 
cold.. He mentions likewife various other mix-- 
tures of falts with water, and falts with acids, 
which hetried ; but none whofe effets are at all 


equal to the two experiments abovementioned. 


It feems that a fubftitute for ice for the pur- 
ofe of cooling wine and other liquors, in warm 
countries or feafons, has at different times em- 
ployed the minds of experimentalifts in this way, 
even ate me LE to the prefent ; one inftance of 
which is \bbe No.ert,t who inftruGed us fo 


early as i ie year 1756, after mentioning other 
methods lefs effe€tive, how to cool liquors, par- 
ticularly wine, by the artificial means of dif- 
folving chemical falts in water. The procefs he 
dire€ts is,-to cool the pan and the materials 


previoully ina well; the temperature of which 


ie 


e 


1S 
abridged by Morre, vol. ii. P- 4. 


the Royal Academy of Sciences at Paris, for 







































INTRODUCTION. X1il 
is much colder in hot weather than the air 
above; then mix the falt, either fal am: moniac 


or falt petre, Feeeiie: the former becaufe it 1S 
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known to produce moft col 
and immerfe the bottle RN ee the wine to be 
cooled, in the mixture thus prepared ; he 
wife adds, to obviate the objection t 
made to the expence of it, that the la 
recovered by evaporation. 

1 fhall now conclude this account of the va- 
rious attempts of different perfons for pr oducing 
artificial cold without the ufe of ice, with the 
propofal of Dr. eee for freezing water in 
fummer, mentioned in the third volume of his 
Chemical Effays, at 


any chemical mixture had been difcovered 
e re) 


sage 1399; prefuming that if 


which could produce this 
found it there. 

The poffibility of freezing water in the 
middle of fummer, is rightly enough inferred 
from this experiment. In a tub, eae of 
three feet in diameter, place a bucket, a little 
taller than the tub, of one foot in diameter; in 
the bucket hang a Florence flafk, or a flat la- 
vender-water bottle, fo that the mouth of 
bottle may-be above the rim of the bucket: fill 
thefe veflels with water heated, fuppofe to 70 
degrees: faturate the water in the tub with fal 


<1] 


* } ria | Pe a a . a % ys (hes 
ammoniac, then will the #O acgrees of heat be 


reduced 






















“IV INTRODUCTION. 
reduced to 44; the water lofing, during the 
folution of the falt, 26 degrees. The water in 
the bucket being furrounded with this cold fluid 
will itfelf be cooled ; fuppofe it to be cooled 
only to 50 degrees, then, by faturating it with 
{al ammoniac, it will lofe 26 degrees more of its 
heat, and be cooled to 24 degrees. The water 
in the bottle being immerfed in a fluid, heated 
only to 24 degrees, will foon be cooled below 
the freezing point or 32 degrees, and confe-— 
quently will concrete into ice.” | 
This, though an ingenious propofal, is an 
experiment, which I fhould think {carcely any 
perfon, confidering the dearnefs of fal ammo: 
niac, ever put literally to the teft:—I have 
added fal ammoniac, in fine powder, at the tem- 
perature of 70, to water at 50, which produced 
a cold of 29 only, (the water at 50, being lowered 
in temperature, by the fal ammoniac at 70, only 
éwenty-one degrees), In this mixture a phial, 
containing fome water, was immerfed, but the 
water was not frozen,* although it was cer- 
tainly cooled below all 
The 


* In the courfe of my experiments, I have fucceeded in 
freezing water, by immerfing a {mall phial, containing the 
water, in a half-pint tumbler, containing a folution of fal am- 
moniac in water; but, I found it neceflary, for that purpole, 
that the falt, as well as the water, fhould be at the tempe- 
rature of 50, previous to their being mixed, 

t See the note +, at page 25. 



































INTRODUCTION. XV 


The method of producing artificial cold, wrth 
the ufe of ice, being generally known, it is 
{carcely neceflary to fay any thing about it; 
but, as it will be found that I have occafionally 
ufed mixtures of this kind alone, and at other 
times in conjwnétion with my other chemical mix- 
tures, I fhall juft remark here, that ice, it has 
been long known, when mixed with different 
falts, produces cold; particularly with common 
falt, which is the mixture in common ufe for 
freezing ; and likewife that ice, im the form of 
Jnow, diflolved in different liquors, produces 
cold, particularly in fpirit of nitre, fpirit of fea 
falt, and fpirit of vitriol.* 

There is an old affertion, relating to the fub- 
je of cold, which is, that if water, in a thin 
vefiel, be immerfed in another veflel of fnow, or 
pounded ice, and the whole placed over a fire, 
that the water will be frozen; that water, fub- 
jeGted thus to the cold of fnow or ice, a few de- 
grees below the point at which water freezes, may 
acquire the fame temperature with the {now or 
ice, before this has acquired heat from the fire, 
and thus be frozen, is certain; but it is abfurd 

to 


* At the temperature of 32°, {now, mixed with f{pirit of 
mitre, produces about 59 degrees of cold ; with fpirit of fea 
falt, about 53°, and with undiluted {pirit of vitriol, about 35°. 
See the laft paragraphs of pages 36 and 71. 
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to attribute this effect to the diffolution of the 
ice bv heat. I fhould not have thought it worth 


at Be c q CS qv bane c ater 
while to have noticed io trifling a circumftance, 


had I not known it to be an opinion commonly 
received, and as she a fact which a perfon 


fome time fince unfucce/sfully undertook to con- 


Oot ye Ere NM cep anne & Nes : 1 : ia oe 
As the principal phenomena in the follow ing 


VIA OYO AWYeC 4 =H (Re 4 Fea 7 VE a bs % 
papers are illuftrative of the theory of latent 
; fe ie 6 NPR (ig EAE re | - ; 8 
heat, as developed wd its author, Dr. Buacx, 


and improve ‘-, Crawrorp,. Dr. Irvine, 
and Others, and epee admit of an eafy and 
fatisfatory explanation thereby, it may not be 
amifs. juflt to mention fome of the leading fea- 


tures of this theory, or thofe which immediately 


ject, cold being confidered as 


nere are two opinions concerning heat, one 
of which is, that heat confifts in motion ; thé 


1 eat o8 f Z tee eg ee 
other, that it is matte 


S dita LLCYr, 


I fhall adopt the latter opinion here, thinking 
it moft confonant with the mode obferved, of 
ex plaining the rottoW ict facts: and becaufe 
I believe it is now the opinion moft generally 

ecelv Pa 


Heat 























































INTRODUCTION. XVIl 


Hear* is a fluid which furrounds and per- 
vades all bodies, therefore all inanimate bodies 
naturally acquire and retain the fame tempera- 
ture, or fenfible degree of heat, with that of the 
medium which furrounds them, unlefs this 
equilibrium be prevented or difturbed by natu- 
ral caufes: 


~ The natural caufes which may arife, fo as to 
alter this equilibrium, are feveral ; but that with 
which we are at prefent concerned arifes from 
the alteration in the form of bodies only: thus it 
is found, that vapour, in being condenfed to a 
liquid, becomes fenfibly hotter than before, and 
that a liquid, in being condenfed to a folid, like- 
wife becomes hotter; and inverfely, that a folid, 
in changing to a liquid, becomes colder ; which 
is likewife the cafe, when a liquid changes to 
the ftate of vapour. 

Hence it is inferred, that the vaporous ftate 
of a body contains more adfolute heat than the 
liquid, and the liquid. more abfolute heat than 
the folid; but that a portion of this ab/olute 
heat, in each inftance, is fixed or combined with, 
and makes a part of the fubftance, (f{omewhat 
in the fame manner that fixed air is condenfed, 


* J have ufed the word heat here, in compliance with 
cuftom; for fire, ftritly fpeaking, is the matter, and heat 
only its diftinguifhing property. 

b in 








XVI INTRODUCTION. 

in its combination with water), and therefore, 
whilft in this fixed, combined, fate; lofes the 
property of fenfible heat, and is therefore called 
latent heat. 

Thefe two different fiates of a body, for con- 
taining heat, are called their capacities for heat. 

Thus it is faid, that vapour has a greater ca- 
pacity for heat than the liquid, and the liquid 
than the folid form. 

This being premifed, the whole of the pheno- 
mena of heat and cold, even from the greateft 
degree of cold known to the higheft ftate of 
combuftion, become eafily explicable; but it 
will be fufhcient here to fhew how the lower 
degrees of it only are produced. 

Therefore, recollecting that folids, in becom- 
ing liquid, abforb heat, or become colder, it 
may be obferved, that when ice, or chemical 
falts, are diffolved in mineral acids, the capacity 
of the ice, or falt, for containing heat, is 2n- 
creafed, in changing to a liquid ftate; hence a 
portion of its Jenfible heat 1s abforbed, and ren- 
dered latent, as it is called, whence the tempera~ 
ture of the mixture (the abfolute quantity of 
heat remaining the fame) becomes colder. 

The fame circumftance happens, by the dif- 
folution* of falts in water; and likewife, when 

ice 

* It is to be obferved, that fince the change of capacity 
for heat, in thele mixtures, is produced by the diffolution of 
the 

































INTRODUCTION. XIX 
Yce and fale are mixed, both then becoming 
liquid ; whence, in this cafe, there is an abforp- 


+ 


tion of heat from each. } 


Likewife, when liquids, as ether, reétified 
fpirit of wine, or water, evaporate, or‘ expand 
into vapour, their capacity for heat becomes very 
much increafed, whence a portion of abfolute 
heat is abforbed, and the temperature, in confe- 
quence, becomes much colder. 


By the expanfion or rarefaction of the air, it 
is evident that the capacity for heat muft be in- 
creafed, fince the air then occupies a much 
larger fpace than before, whence the quantity of 
heat it contained being widely diffufed, the 
temperature or fenfible heat muft confequently 
be diminifhed. This accounts for the cold pro- 
duced in the receiver of an air-pump, when the 
air is haftily exhaufted—in difcharging the air 


gun ———- 


the fubftances mixed, that cold is generated only during the 
folution of the ice, falts, &c. in the different liquids ; and 
that, unlefs a liquefaétion take place, of courfe no cold can 
be produced. Thus it is found, that ice and {alt remain a 
folid mafs, if mixed together at alow temperature, viz. at — 6°; 
and thus it is with the other materials, at different tempera- 
tures, viz. in mixtures of ice with different acids, very low ; 
(fee the note at page 72); and probably, with the chemical 
falts and mineral acids, lower ftill; whence it may hereafter be 
found, that thefe latter will generate further cold, at a tempe- 


rature where zce and mineral acids ceafe to produce it. 
b 2 
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gun—and likewifein the machine, at the Chem- 
nicenfian mines in Hungary, before mentioned ; 
it is neceflary to add, that when air is much 
cooled, it depofits the water, which it before 
retained, by the fuperior degree of heat; thefe 
circumitances, taken together, account for the 
whole of this extraordinary phenomenon. 
From the inftances of Heat, produced by the 
condenfation of liquids into folids, in confequence 
of the capacity for heat being diminifhed, I 
fhall mention thofe two which relate direétly to 
this fubjeét. Thus, if Grauser’s falt be melted 
over the fire, and fuffered to cool.again in the 
air, with a thermometer immerfed in it, it will 
be found, that at the inftant the falt begins to 
cryftallize, the thermometer will fuddenly rife 
feveral degrees : fecondly, water, as will be feen 
hereafter, ufually requires to be cooled a few 
degrees below 32°, its freezing point, before it 
freezes, and will, if artfully managed bear to 
be cooled to 21°, or lower, in an open veffel ; 
but the inftant it begins to freeze, its tem- 
perature always becomes 32°. This circum- 
flance depends on the quantity of latent heat 
which naturally belongs to water, as a liquid, 
and which, on its freezing, is let loofe, and 
becomes fenfible heat. From the fame caufe 
likewife, viz. the conftant evolution of heat 
during the freezing procefs, the fame tempera- 
ture 
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ture is preferved until the whole of the water 
is‘frozen ;* but the ice will afterwards acquire, 
in more or lefs time, as well as all other bodtes, 
the temperature, whatever 1t be, of the air, or 
other medium which furrounds it. 

The heat which is produced by the condenfation 
of vapour into a liquid, by which the capacity 
for heat is dimznifhed, 1s familiarly and pleafantly 

exemplified by the genial warmth that ufually 
accompanies the fall of rain, in cold featons. 

An example, from the condenfation of air, may 
be taken from the charging an air-gun, by 

which, 

* Moft bodies, in becoming folid, contra& in bulk, and 
become heavier; but water expands in freezing ; therefore 
ice, as is well. known, is fpecifically lighter than water, This 
circumftance feems to be beft accounted for, by attributing it 
to the particular arrangement the particles of water take, in 
cryftallizing, as well as molt, or perhaps all bodies in becom- 
ing folid, particularly falts, each of which unite at different 
angles: thus the particles of ice are faid conftantly to join at 
an angle of 60 degrees, which mult neceffarily increale its 
bulk; it is obferved likewife, that ice once formed, expands 
afterwards {till more in proportion as it is fubje€ted to greater 
cold: thus I have noticed that ice, which has been formed by 
cold, juft fufficient to freeze it, is flightly convex at top, 
but, when frozen by extreme cold, is railed into a perfect 
cone. | 

Dr. Bracpen has noticed a remarkable circumftance re- 
fpefting the cooling of water, which is, that the expanfion 
commences defore the water begins freezing, viz. at the tem- 
perature of 4o°. Phil. Tranf. 1788, p. g11. 

The {fpecific gravity of water, is to ice, as 8 to 7 ; therefore 


water expands in bulk one-eighth, by freezing. 
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which, the air being fuddenly compreffled into lefs 
compalfs, its capacity for heat is confequently di- 
minifhed;—whence an increafe of temperature.* 

From 

* Mr. De Luc, Mr. Lavoisrer, and fome other philofo- 
phers, are of opinion, that the changes of /heat and cold, whieh 
are known to take place when the forms of bodies undergo 
the changes above-mentioned, depend not upon a change of 
capacity, but upon chemical combenatzon and decompofition. 

Thus, by thefe gentlemen, heat is fuppofed to be chemi- 
cally combined with the fubftance to which it unites, (as an 
acid is to an alkali), when it is abforbed and rendered Jatent, 
as in the procefies of melting, folution of ice-or falts:iri liquids, 
and thawing; and that, when the liquids return again to a 
folid form, by cryftallization, freezing, &c. the heat is again 
extricated by decompofttion. | 

But the opinion of Dr. Crawrorp feems to be, that the 
union between the matter of heat, and other fubftances, is not 
by chemical combination, but according to that particular fpe- 
cies of union only, by which fixed air and water unite, or 
perhaps which takes place, by the folution of a falt in water. 

Admitting the ‘laft opinion to be moft probable, a happy 
explanation of it, I conceive, may be given by analogy thus :— 
Water, it is well known, is in a quantity more or lefs, accord- 
ing to denfity, heat, and other circumftances, held in folution 
by air. The water thus diffolved, (not merely fufpended, as 
in mifts), may be faid to be latent, ‘the -air, though replete 
with water, being tranfparent, and apparently dry; but the 
fame air, under different circumftances of denfity, heat, &c., 
gives out or depofits the water again. 

Many familiar inftances will occur to the reader, which 
might be adduced in proof of this; but I fhall mention only 
the following :—‘“ Ifa large globular glafs veffel, with a nar- 
row neck,” a Florence flafk, for inftance, “ be clofely corked: 


up, 
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From the confideration of the different quan- 
tities of abfolute heat, of the fame body, in the 
two ftates of folidity and fluidity, is deduced a 
method of finding the whole quantity of abfolute 
heat which any body contains; and confequently 
the point of total privation of heat in all bodies. 
The mean of the calculations already made for 
this purpofe fixes this point at 1428° below o, 
of FaurENHEIT; at which temperature, accord- 
ing to this hypothefis, all bodies would be, if 


the above calculation be accurate, abfolutely 
cold, + 


I refer thofe, who may wifh to be further in- 
formed on the curious fubjeét of latent heat, to 
Dr. Crawrorp’s excellent book on Animal Heat, 
Nicuoxtson’s Chem. Dict. or his Introduétion to 
Nat. Philof. vol. u. 

It 


up, in a clear hot day, the water contained in the apparently 
dry air will be precipitated, and form a dew in the infide of the 
veffel, whenever the veffel is cooled; and this dew will vanifh, 
being re-diffolved by the air included in the veflel, as foon as 
the air regains its heat.” * Thus we may fay, for the fake of 
analogy, that the capacity of the air, for water, 1s diminifhed 
in the firft inftance, and in the latter increafed; and here, I 
fuppofe, it will be admitted, that no chemical combination or 
decompofition has taken place. 
* Watson’s Effays, vol. ili, p. 114. 


+ For an illuftration of this curious rule, fee note + at 


page XXVil, 
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It is to be obferved, that Faurenuert’s ther- 
mometer* is meant here, the fcale of which 
commences at thirty-two degrees below the point 
at which water freezes; FAHRENHEIT, probably, 
at the time he formed his fcale, fuppofing that 
to be the utmoft degree of cold which nature had 

ever 


* « The thermometers moft in ufe at prefent are FanREN- 
HEIT’s, REAUMUR’s, and Cexsius’s, In FAHRENHEIT’s {cale 
the number of degrees between the freezing and boiling water 
point is 180; the freezing point being at 32°, and the boiling 
point at 212°, both above 0°, or the part from which the 
degrees are reckoned both ways. In Reaumur’s feale, the 
number of degrees between thefe two points is 80, and the 
freezing point is called 0°, from which the degrees are 
reckoned both ways. In Cexs1us’s thermometer, the interval 
is divided into 100°, and the freezing point is called 0°, as 
in Reaumur’s, To reduce thefe {cales to each other, it muft 
be obferved, that one degree of FanrReNuEIT’s is equal to4 
of a degree of Reaumur, and to 3 of a degree of Ceusivus, 
Therefore, if the number of degrees of FAHRENHEIT; 
reckoned above or below the freezing point, be multiplied 
by 4 and divided by g, the quotient will be the correfponding 
number on Reaumur’s icale. Or if the multiplier 5, and 
the divifor 9, be ufed, the quotient will give the degrees 
of Celfius’s fcale, And, contrariwife, if any number of 
degrees, either of Reaumur or Cexsius, be multiplied by 
g, and divided by 4 if of Reaumur, or by 5 if of Cexsivus, 
the quotient will give the degrees of FAHRENHEIT, reckoned 
either above or below the freezing point, as the cafe may be.” 


Nicuorson’s Chem, Dit, vol. ii, p. 935: 
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ever produced.* But now, much greater de- 
grees of cold being known to exift, the degrees, 
retaining the fame fcale, are counted from o 
downwards, as well as upwards. Therefore, it 
becomes necefflary to ufe the two characters, 
+ plus and — minus; the former, when it pre- 
cedes the number of degrees, fignifying above o, 
- and the latter, when it occurs, below o. But, in 
order to avoid unneceflary repetition, the mznus 
charaéter only is given in thefe papers ; there- 
fore where no charaéter is prefixed, it is to be 
underftood to mean fo many degrees above o. 

The above remarks on the thermometer will 
doubtlefs be fuperfluous to many readers; but 
to others perhaps they may be acceptable. 

* The method which FaHrReNuHEIT took to fix the o, or 
commencement of his {cale, I believe, is not perfeétly known ; 
it is commonly fuppofed to have been adjufted by a mixture 


of ice and falt, but this will fink a thermometer feveral degrees 


below o. 





A well-conftruéted thermometer may be confidered as the 
only juft meafure of heat and cold. This inftrument is in- 
deed liable to a very {mall error, in confequence of the bulb 
being fomewhat diminifhed by the preflure of the air on the 
outfide, that effect not being counteratted by the refifting 
force of any included air; but this difference, which depends 
upon the greater or lefs denfity of the atmofphere, is too mi- 
nute to require attention, being at moft not above one-tenth of 
a degree; and'even ‘this minute inaccuracy might, if it were 
required, be correéted, by attending to the height of the baro- 
meter at the time of obfervation. 


Cc The 
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The moft remarkable points on Faurenuert’s thermometer 
are the following. 


At 600°? Quickfilver boils, 46° Summer heat. 
2122 Water boils. §62° Moderate heat.+ 
176° Spirits boil. 32° Water freezing. 
§114° Greateft heat of a hot cli- §20° Very fharp froft. 
mate inthe fhade. §o° Greateft natural cold in Eng- 
112° Fever heat. land.t 
§108° Heat of a hot bath. —39° Quickfilver freezes. 
98° Blood heat, 7. e. the tem- §—50° Greateft natural cold hitherto 
perature of the human obferved. || 
body in health. §—783° Greateft artificial cold hi- 
§83° Very hot fultry weather.* therto produced. 1 


The degrees marked thus §, do not belong to a fcale of heat; but think- 


ing it might be ufeful, I have ventured to add them here. 


* I fufpended a thermometer inthe open air, expofed to the fun during 
avery hot dayin July: at the hotteft time of the day (about a quarter paft 
three) the thermometer was at 102°—a thermometer hanging at the fame 
time in thefhade, where the fun neyer fhines, was at 81°. 

The temperature of the human body in health is 98° : hence we might 
be led to fuppofe, that its heat would be increafed or diminifhed, in pro- 
portion asthe temperature of the air, or other bodies furrounding it, are 
hotter or colder than itfelf; but experience fhews, that the temperature of 
the furrounding medium, which tends neither to heat nor cool the human 
body, is much below its own temperature ; viz. inthis climate62%. The 
reafon why this is fo much.below the natural heat of the human body, is 
becaufe the living body has a power of generating heat; the ordinary exer- 
tion of which power, exaély counterbalances the difference ; whence, in 


proportion as the air is hotter or colder than 62°, we feel the fenfation of 


Q 


heat or cold. 55° is temperate heat, on FanrRenueEIT’s fcale. 


{ The thermometer has been once obferved fomewhat under this point. 


See the note at page 41. 
|| This was obferved by Mr. M‘Naz in Hudfon’s Bay—probably in more 
northern climates the cold may fometimes exceed this. 


@ This was effe&ed by Mr. M‘Nas at Hud{on’s Bay.-—See the note. + at 


pace 


mo 
re fame A aks 


A’ /puit thermometer is ufed to indicate any degree of cold exceeding 
geet. Hey ght 
— 39°; fee the laft paragraph but one of page 51; fee likewife the note at 


page 73. 


Some 
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Some perfons have propofed, fince the dif- 
covery of the congelation of quickfilver, to 
fix the zero of Fanrenueit’s {cale at the freez- 
ang point of quickfilver; this indeed natu- 
rally applies to a mercurial thermometer ; be- 
caufe the power of any liquor for meafuring 
heat and cold is limited at its boiling and 
freezing points. But might it not be more 
convenient, if an alteration were about to be 
adopted, to place the cypher at a hundred degrees 
below-the point, where it now is? thus, in all 
probability, the ufe of negative degrees, would 
be no longer neceflary ; and it may be obferved, 
that the degrees of cold known, as appears above, 
approximate fufhiciently near to this point, to 
authorize fuch a {cale; for then, the laft. point 
noticed in this fcale, would be (inftead of — 78°) 
21°F; at leaft this fcale might fuffice until the 
gentlemen who are at prefent engaged in this 
enquiry, (or fome other perfon), fhall have de- 
termined precifely the natural zero, that is, the 
true point of abfolute cold, or total privation of 
heat. At prefent this matter flands thus :—Dr. 
Crawrorp’s calculatior makes it to be at near 
1500°,* but Mr. Kirwan’st only at 1268, below 


the o°, or zero, of FAnNRENHEIT. 


All 


* Crawrorp on Animal Heat, p. 477. 
+ See Mr. Kirwan’s theorem, for afcertaining this potnt. 
Nicuoxson’s Introd, to Nat. Phil. v. ii. p.119. 
This theorem was, I believe, firft difcovered by Dr. Ir- 
vine; and may be briefly. exemplified thus ;—The whole 


quantities 
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All the following. experiments, where the ob- 
ject was merely to afcertain the power of any 
mixture for producing cold, were made ona 
very {mall fcale, viz. ina {mall thin wine-glafs : 
and thofe for freezing water, &c. in a tumbler, 
the liquor to be frozen being contained in a 
{mall thin phial ; but for this purpofe, hkewife, 
a wine-glafs will fuffice, the liquor being then 
contained in a {mall thin tube. 

The fame thermometer was ufedin all the ex- 
periments, without receiving any injury, though 
the quickfilver within has been repeatedly 


frozen. 


quantities of heat contained in ice and water, having been found 
by experiments on their different capacities for heat, to be as 
9 to 10; it follows, that when water freezes, it gives out 
one-tenth of its whole heat; this tenth part is here rec- 
koned to amount to 190°; confequently its whole heat is 
ten times 190, or 1300, when its temperature is g2° above 
FauRENHEIT’s zero; whence the natural zero 1s, by this 
calculation, at — 1268.° 

But others make one-tenth of the abfolute heat of water at 
the temperature of 32°, to be 146° (NicHoxson’s Chem, 
Diét. p. 377) which fixes this point, by the fame rule, 


at — 1428°, 

















































AN ACCOUNT 
OF SOME 


NEW EXPERIMENTS 


ON THE 


PRODUCTION OF ARTIFICIAL COLD; 





In a Letter from Tuomas Beppogs, M.D. 


to Sir Joseru Banks, Bart. P.R.S. 


PAPER I. 


READ MAY 10, 1787. 


DEAR SIR, Oxford, May 2, 1787. 


Mg. Wa txer, apothecary to the 
Radcliffe Infirmary here, has been engaged up- 
wards of a year in a feries of experiments on the 
means of producing Artificial Cold, feveral of 
which feem to me to be very remarkable, and 
fuch as, confidering their novelty, and the at- 
tention which has lately been paid to this fub- 
jeG, I flatter myfelf, will be found to deferve a 
place among the Tranfa€tions of the Society 
over which you prefide. 


Mr. Wa ker, in his firft experiments, found, 
as BorRHAAVE had done before him, that fal 
3 B ammoniae, 
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ammoniac, as well as.nitre, well dried in a cru- 
cible, and reduced to a fine powder, will pro- 
duce a greater degree of. cold than if they had 
not received this treatment. But Borruaave, 
by fal ammoniac, lowered the temperature of wa- 
ter only by 28°; whereas Mr. WALKER obferved 
his thermometer to fall 32°, and when he ufed 
nitre 19°. It occurred to him, that the combi- 
nation of thefe fubfitances would produce a 
greater effect than either feparately; and he 
found that this was really the eafe. A propo- 
fal for freezing water in fummer, mentioned by 
Dr. Watson (Effays, 111, 199.), determined him 
to attempt the fame thing in this way: accord- 
ingly, April 28, 1786, the thermometer flanding 
at 47°, he made a {olution of a powder, confift- 
ing of equal parts of fal ammoniac and nitre, in 
a bafon, by means of which he cooled fome 
water, contained in a glafs tumbler, to 22°. To 
this he added fome of the fame powder, and im- 
merfed two very fmall phials in it; one contain- 
ing boiled, the other unboiled water; when he 
foon found the water in the phials to be frozen, 
the unboiled freezing firff. 


Having obferved that Grauser’s falt,* when 

it retains its water of cryftallization, produces 
cold 

* I was difcouraged from trying this falt a confiderable time 
in confequence of having been informed (Watson’s Effays, 


vol, 
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cold during its folution, he thought of adding 
this to his other powers,* and July 18, 1786, 
reduced the thermometer 46 degrees: In this 
experiment the following proportions were 
ufed: the temperature of the air being 65°, to 
water four ounces, at 63°, were added (by troy 
weight, ) 


Of fal ammoniac eleven drachms, thermometer 





funk to'32°, thatis - - - - + = gi@ 
Of nitre ten drachms, thermometer funk to 24°, 
iit isidisiegs) wi'sb Iehetrertc-he- g° 
Of GrauBer’s falt two ounces, thermometer 
Avie, 157 rene, t latinas Wetec a fle (ld - n° 
46° 
In 


vol, ii, p. 136.) that it produced heat ; but finding that when 
frejh powdered, it diffolved in the mouth with a fenfation of 
coldnefs, the ufual teft with me of a falt having the quality of 
producing cold by folution in water, it being in faét the fame 
thing, I refolved to try it. I fuppofe it had hitherto been tried 
in an efflorefcent ftate, for then, when mixed with water, heat 
25 produced, 

* I was led to expect that the cold might be increafed by 
ufing more falts than one, from the confideration that water, 
already faturated with one kind of falt, will diffolve a portion 
of a fecond, and after that, a portion of athird, or even more; 
therefore my next objeét was’‘to difcover what falts were fitteft 
for my purpofe this way; expecting, as experiment proved, 
that each might impart a fhare likewife, of its property of 
producing cold; thus four falts, I have found, will produce 
greater cold than three only; for if the mineral alkali be 
added after the three which compofe this frigorific mixture, 


two or three degrees more cold will be produced, 


B 2 
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In this way he froze water on a day fo hot 
that the thermometer in the fhade ftood at 70°. 
By firft cooling the falts and water in one mix- 
ture, and then making another of thefe cooled 
materials, he funk the thermometer 64 degrees. 


Auguit 28. The temperature of the air be- 
ing 65°, half an ounce of reCtified fpirit of wine 
was diluted with three ounces and an half of 
water, and immerfed in the fame frigorific 
mixture.* Whencooled to 24°, it began to freeze. 
A quantity of the neutral falts, likewife cooled 
in the mixture, was put into the diluted fpirit, 
when the thermometer fell to 4°; fo that the 


liquor was cooled 69 degrees, 


Spirit of nitre, diluted in the manner de- 
defcribed by Mr. Cavennisu, (Phil. Tranf. vol. 
I; 


“xvi, part 1.) having reduced the thermometer 
to 


* The fpirit was added to the water, merely to lower the 
freezing point of the hquor ; that 1 might have an opportu- 
nity of trying the effets of the falts in liquor at a lower tem- 


perature than water alone, I thought, could be cooled to. 


+ Mr. Cavenpisu having found that the nitrous acid he 
ufed, required to be previoufly diluted, in order to bring it 
to the beft ftrength, for producing artificial cold with fnow : 
in the paper alluded to (page 143,) he gives dire€tions how 
this is to be done, The meaning of my note, whence this 


para graph 
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v 


to — 3°, fal ammoniac was added, upon which 
fell tar ar i 


Nitrated volatile alkali,* during its folution 
in water, reduced the thermometer 95 degrees, 
(from 50° to 15°); but the cold was not in- 
creafed by fal ammoniac or nitre, 


Mr. Watxer’s moft remarkable experiment 
was made on the 21ft of March, 1787, when he 
found that nitrous acid, when poured upon 
Guiavuser’s falt,t produced effeéts nearly the 

, fame 


paragraph was taken, being totally different, I fhall tranfcribe 
it here :—‘ Nov. 13th, 1786, Iadded pounded ice to nitrous 
acid at 40°, until the thermometer funk to — 3°; and then, 
by adding fal ammoniac in powder, the thermometer funk 


to —15°.” 


* Having found that fal ammoniac and nitre produced 
more cold jointly than feparately, I expeéted that nitrous am- 
moniac alone might exceed them, even when their power was 
united ; this proved to be the cafe ; and confequently common 
fal ammoniac, which has hitherto ftood foremoft in the power 
of producing cold by folution in water, muft now give place 
to nitrous ammoniac, which, as will afterwards be found, ex- 


ceeds it in this property to a very confiderable degree, 


+ This was my firft attempt, for producing cold, by dif- 
folving falts in an aczd ; and 1 was not a little pleafed to find 
the thermometer fink by this means, from 50° (the tempera- 
ture of the air and materials at the time) to 10°: it immediately 
occurred to me, that the concentrated ftate of an acid, might 


xIOL 
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fame as when it is poured on pounded ice; and 
that the cold, thus produced, is rendered ftill 
more intenfe by the addition of fal ammoniac 
in powder. 


Mr. Wa ker, by many trials, difcovered that 
the beft proportion of thefe ingredients is the 
following :—of concentrated nitrous acid, two 
parts by weight, of water one part; of this mix- 
ture, cooled to the temperature of the atmof- 
phere, 18 ounces, of Giauser’s falt a pound 
and an half (avoirdupois), and of fal ammoniac 
twelve ounces. On adding the GiauseEr’s falt 
to the nitrous acid, thus diluted, the thermome- 
ter fell from 51° to—1°, or 52 degrees; and, 
on adding the fal ammoniac, it fell to — 9°, that 
is, full 60 degrees. Nitrated volatile alkali, 
employed inftead of fal ammoniac, produced a 
cold rather more intenfe. 


By 


not be the fitteft for my purpofe; I therefore diluted it with 
water, and found my conjecture verified, 


The inftant I had fucceeded fo well, in my experiment 
with the nitrous acd and GrauBer’s falt, the congelation of 
quickfilver prefented itfelf, as an objet within my reach ; for 
{ well knew there could be no obftacle to the fuccefs of fuch 
a fingular experiment; unlefs I fhould find the freezing 
point of my frigorific mixture to be (which was very un~ 
likely) at a degree of cold /e/s than that at which quickfilver 
freezes, 
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By means of this mixture, in a very few mi- 
nutes, in the elaboratory before theclafs, I froze 
fome {pirits above proof, diluted with an equal 
bulk of water; and another gentleman this day 


funk the thermometer 68 degrees. 


On April 2oth, 1787, Mr. Waxxer effected 
the congelation of quickfiver by a combination 
of thefe mixtures, without a particle of fnow or 
ice. - When he began his experiment, the tem- 
perature of the mercury was 45°; fo that the 
freezing point of that metal being — 39°, there 
were produced 84 degrees of cold. 


This experiment was performed as follows ; 
four pans, of fizes progreflively diminifhing, fo 
that one might be placed within the other, were 


procured. 


The largeft of thele pans was placed in ano- 
ther veffel ftill larger, in which the materials 
for the fecond frigorific mixture were thinly 
fpread, in order to be cooled; the fecond pan, 
containing the liquor, viz. vitriolic acid, pro- 
perly diluted, was placed in the largeft pan ; the 
third pan, containing the falts for the third mix- 
ture, was immerfed in the liquor of the fecond 
pan; and the liquor for the third mixture was 
put into wide-mouthed phials, which were 


immerfed 
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immerfed in the fecond pan likewife, and floated 
round the third pan: the fourth pan, which was 
the {malleft of all, containing its cooling mate- 
rials, was placed in the midft of the falts of the 
third pan. 


Of the materials for the mixtures to be made 
in thefe four pans, the firft and fecond confifted 
of diluted vitriolic acid and Giauser’s falt, the 
third and fourth of diluted nitrous acid, Grav- 
BER’s falt and fal ammoniac, in the proportions 


affigned. 


The pans being adjufted in the manner above 
defcribed, the materials of the firft and largeft 
pan were mixed: this mixture reduced the ther- 
mometer to 10, and cooled the liquor in the 
fecond pan to 20; and the falts for the fecond 
mixture, which were placed underneath in the 
large veflel, nearly as much. The fecond mix- 
ture was then made with the materials thus 
cooled, and it reduced the thermometer to 3°. 
The ingredients of the third mixture, by im- 
merfion in this, were cooled to 10°, and when 
mixed reduced the thermometer to — i5°. The 
materials for the fourth mixture were cooled by 
immerfion in this third mixture, to about — 12°. 
On mixing, they made the mercury in thermo- 
meter fink rapidly, and, as it appeared to Mr. 


WALKER, 
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9 
WatkeEr, below — 40°, Its thread feemed to 
be divided below that point; but the froth oc- 
cafioned by the ebullition of the materials, pre- 
vented his making fo accurate an obfervation as 
he could have wifhed. 


The reafon why this laft mixture reduced the 
thermometer more than the third, though both 
were of the fame materials, and the laft at a 
lower temperature, Mr. Warxer imagines to 
have been partly becaufe the fourth pan had 
not another immerfed in it to give it heat, and 
partly becaufe the materials were reduced to a 
finer powder. 


I fhould imagine, that mercury reduced. to 
its: freezing point, will freeze more quickly 
than water reduced to its freezing point; becaufe 
it appears, from experiments on their capacity 
for heat, that the latter of thefe bodies has fo 
much more latent heat in its liquid flate; which 
greater quantity of latent heat muft, as it be- 
comes fenfible, more retard the congelation. 


I forbear to enumerate many variations of thefe 
experiments, which Mr. Warxer has among his 
notes; but there is one mixture, which, though 
its power is not equal to that which I have laft 
de{cribed, may prove very ferviceable in expert- 


ments 































10 ON THE PRODUCTION 
ments of this nature, on account of its cheap- 
nefs. It confifts of oil of vitriol,* diluted with 
an equal weight of water: added to GLauseEr’s 
falt, it produces about 46 degrees of cold. The 
addition of fal ammoniac renders it more intenfe 
by afew degrees. One remarkable circumftance 
occurred to Mr. Waker, as he was endeavour- 
ing to afcertain the beft ftrength of the vitriolic 
acid: he happened to be trying a mixture of 
two parts of oil of vitriol and one of water, when 
he obferved, that, at the temperature of 95°, the 
mixture coagulated as if frozen, and the ther- 
mometer became fiationary; but, on adding 
more Grauser’s falt, it fell again, after fome 
little time; but fo great a cold was not pro- 
duced + as when this circumftance.did not oc- 

cur, 

* T had no fooner fucceeded fo well with the nitrous acid, 
than I was led to try the other mineral acids, which are known 
to produce cold, though in a {maller degree, with {now ; viz. 
the marine acid, and the vitriolic acid ; and, as I expetted, 
found a fimilar effe€t in a weaker degree: I was induced to 
notice particularly the vitriolic acid ; thinking from its cheap- 
nefs, and neatnefs, it might hereafter be applied to fome ufe- 
ful purpofe. 

+ This is noticed, becaufe it has been found, by experi- 
ments for producing cold, by adding fnow to the mineral 
acids, that is, the nitrous or vitriolic acid, (the marine acid 
being feldom ufed for this purpole), that a greater degree of 
cold is produced when the {now or ice is added to the acid, 
in a flate of congelation, than when added to it in a liquid 


ftate, 
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cur, and when the acid was weaker. The fame 
appearance of congelation took place with other 
proportions of acid and water, at other tem- 
peratures. 


Mineral alkali, when it retained its water of 
cryftallization, added to fome of thefe mixtures, 
heightened their effeéts.* But when it had loft 
this water, it rather produced heat than cold; 
and the fame thing is alfo true of Giauser’s 
falt. This circumftance leads us, in fome mea- 
fure, to the theory of thefe phenomena. Water 
undoubtedly exifts in a folid ftate in cryftals; it 
muft therefore, as in other cafes, abforb a de- 
terminate quantity of fire, before it can return 
to its liquid flate. On this depends the diffe- 
rence between GLAuBER’s falt and foffil alkali, in 
their different flates of cryftallization and efflo- 
re{cence. The fame circumftance too enables 
us to underftand the great effect of GLauBER’s 
falt, which, as far as I recolleét, has the greateft 
quantity of water of cryftallization. 


Thofe, 


* ‘The mineral alkali, by folution in water, will produce 
hfteen degrees of cold; GuiausBer’s falt only eleven; and if 
the former falt be fubftituted for the GrauBeER’s falt, in the 
mixture confifting of three falts before mentioned, the cold 
produced will be rather greater ; but as the difference is not 
confiderable, and GLrauseEr’s falt is much cheapeft, I have 


commonly ufed it, 
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| Thofe, therefore, who fhall choofe to purfue 
the path which Mr. Wacker has opened to 
them, would do well to try combinations of falts, 
containing much water of cryftallization ; but 
they muft take care, left the effeét fhould be 
diminifhed or deftroyed by the formation of 
compounds that fix a f{maller quantity of fire. 
It is however but juftice to Mr. Waker to 
obferve, that he has carried his experiments in 
this way very far, and with great ingenuity. 


I have the honour to be, &c. 


THOMAS BEDDOES. 


EXPERIMENTS 










































EXPERIMENTS 


ON THE 


PRODUCTION OF ARTIFICIAL COLD; 


BY MR. RICHARD WALKER, 


APOTHECARY TO THE RADCLIFFE INFIRMARY, 
AT OXFORD $¢ 


ie 


In a Letter to Henry Cavenpisu, Efq. F.R.S, and A.S. 


PAPER II. 
READ JUNE 5, 1788. 


SIR, 


nan 
] -HE Royal Society having been pleafed to in- 
fert, among their Tranfa€tions for laft year, an 
account of fome experiments of mine, relating 
to the produétion of Artificial Cold, tranfmitted 
in a Letter from Dr. Bepposgs, I am induced to 


mention a few I have made fince. 


Your zealous attention to this fubje&, under 
whofe aufpices this, as well as other branches of 
Natural Philofophy, hath received confiderable 
improvement, will, I hope, apologize for the 
liberty I have taken in addrefling myfelf to you. 
efpecially fince any new and ufeful fa&s I may 
have afcertained are principally owing to thole 
endeavours your excellent papers have excited 


in me, 


My 
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My moft powerful frigorific mixture is 
the following: of ftrong fuming nitrous acid, 
diluted with water, (rain or diftilled water is 
beit), in the proportion of two parts of the for- 
mer to one of the latter, each by weight, well 
mixed, and cooled to the temperature of the air, 
three parts; of GLiauser’s falt four parts; of 
nitrous ammoniac three and a half parts, each 
by weight, reduced feparately to fine powder. 
The Grauser’s falt is to be firft added to the 
diluted acid, the mixture well flirred, and im- 
mediately afterward the powdered nitrous am- 
moniac, again {lirring the mixture: to produce 
the greateft effeét, the falts fhould be procured 
as dry and tranfparent as poflible, and ufed 
frefhly, powered. Thefe feem to be the beft 
proportions, when the temperature of the air 
and ingredients is 50°; as the temperature at 
{etting out is higher or lower than this, the 
quantity of the diluted acid will evidently re- 
quire to be proportionably diminifhed or in- 
creafed, This mixture is but little inferior to one 
made by diffolving fnow in nitrous acid ; for it 
funk the thermometer from 32° to—_20°; perhaps 
it may be pofible to reduce the falts to fo fine a 
powder as to make it equal. In this laft expe- 
riment the diluted acid was equal in quantity to 
the Grauzer’s fale, being four parts each, the 
nitrous ammoniac three and an half, as before. 
A. 






























OF ARTIFICIAL’ COLD, 


15 
A powder compofed of fal ammoniac five parts, 
nitre four parts, mixed, may be fubftituted in 
the ftead of nitrous ammoniac, with nearly 


equal effect, and in the fame proportion. 


Cryftallized nitrous ammoniac, reduced to 
very fine powder, funk the thermometer, during 
its folution in rain water, 48 degrees from 56°, 
the temperature of the air and materials to — 8° ; 
and when evaporated gently to drynefs, and 
finely powered, it funk the thermometer 49 de- 
grees to 7°, the temperature of the air and ma- 
terials being as before at 56°: therefore, in this 
falt, (which produces, as appears above, a much 
greater cold, during its folution in water, than any 
ther hitherto known), the water of cryftalliza- 


tion 1s not in the leaft conducive to that effe&.* 


Texpecied, that by diluting the ftrong ni- 
trous acid to the proper ftrength with fnow, 
inftead of water, by which its temperature would 
be much reduced, and then adding the falts, a 
much greater degree of cold might be produced; 

| but, 


* The cold produced by the folution of the different falts 
in the mineral acids, depends principally, perhaps entirely, 
upon the quantity of water, in a folid ftate, in the falts; but 
not in the cold produced by folutions in water. In either 
inftance it feems, however, that thofe falts which diffolve 
quickelt produce moft cold, 








































16 ON THE PRODUCTION 
but, by various diverfified trials, I found but 
little advantage gained; I fhall therefore forbear 
mentioning the particulars. In the courfe of 
this winter fome diluted nitrous acid, in a wide 
mouthed phial, was immerfed in a freezing mix- 
ture; when cooled to about — 32”, it froze en- 
tirely to the confiftence of an unguent, when the 
thermometer fuddenly rofe to. 2° t*son ada- 
ing fome fnow that lay by me, it became again 
liquid, and the mercury funk into the bulb of 
a thermometer graduated to — 76°. I know not 
its exact flrength, but by the effect imagine it 
might corre{fpond nearly with that which 1s-ca- 
pable of the ecafiefi point of fpirituous con- 
gelation. tT 

Cold 

* For fimilar inftances, in which the nitrous acid bore to 
be cooled very far below its freezing point, fee Phil. Tranf. 
1786, page 252. 

+ The nitrous acid, and vitriolic acid, have each what is 
called ‘a ftate of /pirituous congelation, and, likewife, of 
agueous congelation: the former implies, that the frozen acid 
is in a concentrated ftate, the latter in a diluted flate. Much 
greater cold is produced by adding {now to either of thefe 
acids in a flate of /piritwous congelation, than in a fluid ftate ; 


but little or none, if the acid be in thé ftate of aqueous Con- 


gelation.— Phil. Tranf. 1786, page 261. 
The reafon why more cold is produced by adding fmow to 
an acid in a frozen ftate, than in a fluid ftate, is, beeaufe its 


Te or heat is increafed, in becoming liquid, as well as 
the fnow ; therefore each, in that inftance, abfarbs a 


Pp?! artion of 
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Cold, I have found, may be produced by 
the union of fuch falts as on mixing are decom- 
pofed, and become liquid, or partially fo. The 
mineral alkali produces this effe& with all the 
ammoniacal falts; but with nitrous ammoniac to 
a confiderable degree, 


The mineral alkali added in powder to nitrous 
acid, diluted as above, funk the thermometer 
22 degrees only, from 53 —(temperature of air 
and materials) to 91°. 

This falt contains nearly as much water of 
cryftallization as GLauBeEr’s falt, and produces 
more cold during its folution in water than that 
Jatt. 

The reafon why it produced lefs when added 
to an acid than the neutral falt does, is perhaps 
fufficiently evident; for I have obferved the ther- 
mometer to be ftationary, or even to rife, during 
the violent effervefcence produced on mixing 


thofe materials, and to fink as foon as that 
ceafed, 


GLauBER’s falt diffolved indifferently in reéti- 
fied {pirit of wine, and produced neither heat nor 
cold; the difpofition to produce cold, during its 
folution, being perhaps exactly counteraGted by 
the tendency which the diffolved falt hath in 
uniting with the {pirit to produce heat, 


Epfom 
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Epfom falt,* during folution in the diluted ni- 
trous acid, produced nearly as much cold as 
GriauBer’s falt: the fmall difference there is be- 
tween them, as to this effet, may be owing to 
the former containing rather lefs water in its 


cryftals. 


Grauser’s falt, liquified by heat, was fet to 
cool; when its temperature was reduced to 70°, 
it became folid, and the thermometer immedi- 
ately rofe eighteen degrees, to 88°. 

Does not the quantity of fenfible heat evolved 
by this falt, in becoming folid, indicate its great 
capacity for heat, in returning to a liquid flate, 
and confequently account in a great meafure for 
its producing fuch intenfe cold during folution 
in the diluted mineral acids? 

Two falts, alum and Rochelle falt, each con- 
tain nearly as much water of cryftallization as 
Guavuser’s falt; but produced neither of them 
any confiderable effect during folution in the di- 
luted nitrous acid; the latter made the thermo- 
meter rife: neither did their temperatures in- 
creafe, like that falt, in changing from a liquid 
to a folid ftate. 


From the obvious application of artificial fri- 
gorific mixtures to ufeful purpofes, in hot cli- 
mates e{pecially, where the inhabitants fcarcely 

know 

* Epsom falt in cryftals is meant here; not that which is com- 


menly fold at the fhops, under the name of bitter purging falt. 
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know, by the fenfe of feeling, winter from fum- 
mer,* it may not be amifs to hint at the eafieft 
and moft ceconomical method of ufing them. 


For 


* In countries between the Tropics (fays Dr. Moser LY, In 
his Treatife on tropical difeafes, and the climate of the Weft 
Indies, page 2, &c.) theheat is nearly uniform, and has feldom 
been known to vary through the year, on any one {pot, 
either by day or night, fixteen degrees ; the mean heat on the 
coaft and plains not much elevated above the level of the fea, 
is about 80° of Faurenueir. In this climate there is gene- 
rally not above fix degrees difference of heat between the 
coldeft feafon in winter and the hotteft feafon in fummer,— 
Dr. Mosexy-(page 52) obferves, “* The gratefulnefs of cool 
liquors, in hot climates, is among the firft fenfations of luxury. 
A glafs of water, or wine, that has been much cooled, pro- 
duces a very different effe&t on the {tomach, as well as on 
the palate, to what either do in an equal ftate of heat with the 
atmoiphere, A late difcovery for generating ice, from an ar- 
tificial frigorific compofition, (alluding to the frigorific mix- 
ture of GLausBer’s falt and diluted vitriolic acid, defcribed in 
the firft paper), will be of great benefit in tropical countries, 
as there is no place fo fituated, where this compofition will 
not afford as much inftantaneous refrigeration as can be re- 


quired, either for the purpofe of medicine, or for the luxury 
of the table.” 


t+ It is well known there are mountains even under the 


equator, that are conftantly covered with ice and fnow. 


At Kingfton, in Jamaica, the heat varies very little; the 
thermometer ranging from 85° to go°, during the hotteft time 
of the day, at the hotteft feafon of the year ; and, in the cooleft 
feafon, at the coldeft times, juft before fun-rife, it ranges from 


c 9° to 
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For moft intentions, perhaps, the following 
cheap one may be fufficient: of flrong vitriolic 
acid, diluted with an equal weight of water, and 
cooled to the temperature of the air, any quan- 
tity; add to this an equal weight of GLauBER’s 


{alt 


yo° to77°. Dr. Hunter, (by whom thisaccount is given), 
has once feen the thermometer fo low as 69, and twice, as high 
as 91°, The mean temperature of Kingfton, being nearly level 
with the fea, is about 80°, as indicated by the fprings, which 
give very nearly the mean temperature{ in any climate.— 
Phil. Tranf, 1788. 

+ See Kirwan’s treatife on the temperature of different 

. 


latitudes. 


= 


At Bengal the climate is exceflively hot, the thermometer be- 





ing feldom under 98°, and often at 104°.—Phil. Tranf, 1767. 





The difficulty with which the natives of hot countries are 
perfuaded that water is ever in a folid ftate, I have been re- 
peatedly affured of ; but I fhall give the anfwer here, which 
the King of Szam made to the Dutchman, who informed him, 
that water in his country would fometimes, in cold weather, 
be fo hard, that men walked upon it, and that it would bear 
an elephant : : 

“¢ Hitherto I have believed the ftrange things you have told 


MP he anita yaic 4 ( VO} Aa.g 7 . 
me, becanfe I look upon you as-a fober man; but now I am 


fii otha Reta vas coy eee ye ee i; 
fure you lie,”——Locxer’s Eflay on the Human Underftanding, 
D. Ve Cc, i Be 
Uv 

In arder : en ae Aah ak betes : 

in order to remove any objection that might be farted, 
Matwiy than Acca arg enero i Bepibe sat : 
againit the power of my {trongeft frigorific mixture, for freez- 


No water or creame i-+ he hottef} eli : ¢ 
ng water or creams, in the hotteit climate, at the hotteft feafon, 


——) 
A 


y made an experiment, in’ which the veffel, as well 


as 
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{alt in powder: this is the proportion, when the 
temperature fet out with is 50°, and will fink 
the thermometer to 5°; if higher, the quantity 
of falt muft be proportionably increafed. 
The 
as the materials, were heated to 1129; the materials were then 
mixed fuddenly, when the thermometer funk to 24°. 


_» Although ice has never hitherto been feen, that 1 know of, 
within the tropics, it is well known that it is procured by 
art, very near thofe latitudes. Thus SirRosert Barker (Phil. 
Tranf. 1775,) defcribes the procefs at large, which depends 
principally upon evaporation; by which ice is made at Alla- 
habad, Mootegil, and Calcutta, in the Eaft Indies, lying be- 
tween 252 and 23! North lat. where he oblerves enough is 
made, during the winter months, to fupply the tables in fum- 
mer, The method is briefly this :—Soft water is firft boiled, 
and towards the evening poured into fhalloy 

placed in fhallow pits, the bottoms of which are 


the mor ning 


fugar canes, or the dried {tems of corn. Early in' 
the ice-makers colle€&t the ice, that has been formed during 
the night, which is found to vary in quantity, according as the 
temperature of the air and other circumftances, depending upon 
evaporation, are more or lefs a for the produétion of 
it, and depofit it in the ice-houfe. Sir Rosert BARKER 
adds, that he has frequently rie fs with ices when the ther- 
mometer ftood at 112°, 1n the fhade. He obierves, that cleai 
ferene weather is more favourable than cloudy or windy wea- 


ther. At the latter place, natural ice, in any of the waters, was 


never found, that he could hear of ; nor has the thermometer 
S a] 1 24 t axar 
been remarked to fink to 32°; and, at the former, very few 


only have difcovered any natural ice, and that but feldom. 
Sir RoBerT BaRKER obferves (page 209.0f the fame ne 
(P45 
that the deaft 


4 4 


height he has feen a thermometer at, at Allahaba 
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The obvious and beft method of finding the 
neceflary quantity of any falt to produce the 
greatelt effect by folution in any liquid, at any 
given temperature, 1s by adding it gradually un- 
til the thermometer ceafes to fink, ftirring the 
mixture all the while. 

If a more intenfe cold be required, double 
aqua fortis, as it is called, may be ufed; Grau- 
BER’sfalt, in powder, added to this, produces very 
nearly as much cold as when added to the diluted 
nitrous acid: it requires a rather larger quan- 

tity 


in the open air, is 42°, at feven in the morning, in January ; 
but obferves, it might probably have been lower during the 
night. The greatef height, in the fhade, 114°, in June, at 
noon. 

Dr. Brack has given a paper, in the fame volume, on 
“ The fuppofed effect of boiling upon water, in difpofing it to 
Freeze more readily, afcertained by experiments.” In this pa- 
per it appears, that water, which had boiled fome time, 
froze more readily than water which had not been boiled ; 
and the Doétor accounts for it, by fuppofing, that as water by 
boiling parts with fome of its air, that whilft it is expofed to 
a freezing atmofphere, (for thefe experiments were made in 
the natural cold), the air, in entering the water again, produces 
(he thinks) agitation fufficient, though imperceptible to the 
eye, to freeze the water, as foon as it is cooled to g2°, ora little 
lower. Hence the utility, he remarks, of boiling the water, 
before it is fubje&ted to the above procefs, in the Eaft Indies ; 
otherwife, he believes the cold of that climate, even affifted 


by the power of evaporation, would not be fufficient to freeze 
the water, 
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tity of the falt, at the temperature of 50°, about 
three parts of the falt to two parts of the acid: 
it will fink the thermometer from that tempera- 
ture nearly to o°, and the confequence of more 
falt being required is, its retaining the cold ra- 
ther longer. 

This mixture has one great recommendation, 
a faving of time and trouble. A little water in 
a phial, immerfed in a fmall tea-cup of this 
mixture, will be foon frozen in fummer ; and if 
the falt be-added in cryftals unpounded to dou- 
ble aqua fortis, even at a warm temperature, 
the cold produced will be fufficient to freeze 
water or creams; but if diluted with one fifth its 
weight of water, and cooled, it is about equal to 
the diluted nitrous acid above mentioned, and 
requires the fame proportion of the falt. 

A mixture of Gravuser’s falt and diluted 
nitrous acid funk the thermometer from 70° 
(temperature of air and ingredients) to 10°. 

The cold in any of thefe mixtures may be kept 
up a long time by occafional additions of the 
ingredients in the proportions mentioned. 

A chemift would make the fame materials 


ferve his purpofe repeatedly. 


Equal parts of fal ammoniac and nitre in pow- 
der make a cheap and convenient compofi- 
{ion 
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tion* for producing cold by folution in water : 
it will, by the following management, freeze 
water or creams at midfummer in this climate. 

June 12th, 1787, a very hot day, I poured four 
eunces, wine meafure, of pump water, at the 
temperature of 50°, upon three ounces, aver- 
dupois weight, of the above powder, previoully 
cooled by immerfing the veffel containing it in 
other water at 50°, and after {tirring the mixture 
its temperature was 14°; fome water contained 
in a {mall phial, immerfed in this mixture, was 
confequently foon frozen. 

This folution was afterwards evaporated to 
drynefs, in an earthen veflel, reduced to powder, 
and added to the fame quantity of water, under 
the fame circumftances as before, when it again. 
funk the thermometer to 14°. 

Since that time, I have repeatedly ufed a com- 
pofition of this kind for the purpofe of freezing 


water, 


* After I had fucceeded in freezing water in fummer by 
one mixture, my next endeavour was to find the cheapeit, or 
which came nearly to the fame end, a procefs in which the 
materials were eafily and repeatedly recoverable for ufe:—after 
many untuccelsful attempts, I found this the only one, 


+ It is well known that water at {prings retains nearly: th 
fame temperature winter and fummer, viz. about 50°, to itch 
temperature the water may be reduced during the warmeft 
weather, by pumping off {ome firft, 
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water, &c.* without obferving any diminution 
in its effet after many evaporations.t 

The cold may be ceconomically kept up and 
regulated any length of time, by occafionally 
pouring off the clear faturated liquor, and add- 
ing frefh water, obferving to fupply it conftantly 


with as much of the powder as it will diffolve. 


The degree of cold at which water begins to 
freeze has been obferved to vary much ;t but 
that it might be cooled twenty-two degrees be- 
low its freezing point was perfectly unknown to 
me until lately. 

March 2, I filled the bulb of two thermo- 
meters, one with the pureft rain water I could 
procure, the other with pump water; the water 
was then made to boil in each, until one-third 
only remained: thefe were kept in a frigorific 
mixture, at the temperature of 10°, for a much 
longer time than I thought neceflary to cool the 

water 

* Wine may be cooled fufficiently in the hotteft weather of 
this climate, by immerfing the bottle containing it in water 


from a pump, obferving that a pailful or two be drawn off 
firft. 
have evaporated the original powder for ufe eleven times, 

+ Itis well known that water, in freezing by artificial co 
requires to be cooled feveral degrees below jts freezing point ; 
commonly to 25°, or 26°; but be it cooled ever fo much be- 
low its freezing point, the inflant it freezes, its temperature 


always becomes 32°, 
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water to the fame temperature ; and by repeated 
trials I found it was neceflary to lower the tem- 
perature of the mixture to near 5°, to make the 
water in either of them freeze. 


Thefe were likewife fufpended out of doors, 
clofe to a thermometer, during the late froft, and 
the water never obferved frozen. 


On March the 22d, at fix in the morning, the 
water in each remained unfrozen, though the 
tubes were gently fhaken, the thermometer 
{landing at that time at 29°. 


There appeared to be little difference with 
re{pect to the degree of cold neceflary t@ freeze 
the water, whether the tubes of the thermometers 
were open, or clofed in vacuo (which was very 
nearly effected by iuffering the water to boil up 


to the orifice of the tube, and then fuddenly 


fealing it) or not, but unboiled water in the 
fame fituation froze in a higher temperature.* 


It 


* Dr. Bracpen found, that pure diftilled water bore 
cooling more degrees below the freezing point than impure or 
hard pump water, that is. nearly to 23°, whereas the latter 
could not be cooled below 25° or 24°, and that when the diftill- 
ed water was deprived of its air by boiling, to near 20°; that 
turbid water could not be cooled much below its freezing point, 
and that any thing which leffened the tran{parency of water 
(even boiling, if it became turbid, as is the cafe with hard {pring 
water) made it freeze fooner; the water ufed in thefe experi- 


ments 
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It is commonly fuppofed, I believe, that 
gentle agitation of any kind will difpofe water 
(cooled below its freezing point) to become ice ; 
but I have repeatedly cooled rain water and pump 
water, boiled along time, and unboiled, in open 
veflels to 30°, or lower, and have conftantly 


fucceeded 


" ments was in a glafs tumbler, immerfed in mixtures, and cooled 
very gradually, 


Dr. Bracpen in thefe experiments refers to Dr. Biacx’s, 
fee page 22, and reconciles thofe experiments with his own, by 
fuppofing that the water, which Dr, Bracx ufed, contained 
calcareous earth, held in folution by means of fixed air, as is 
the cafe with moft kind of {pring waters; this he obferves be- 
ing precipitated by boiling, will make the water turbid, and 
prevent, according to his own experiments, the water from 
cooling much below its freezing point.—Phil. Tranf, 1788. 


The circumftance with me, of finding that water would 
bear cooling more than feven or eight degrees below its freezing 
point, was occafioned by accident (the only difcovery, in 
the courfe of thefe experiments, Iam indebted to accident 
for), In order to try an experiment for freezing water upon 
the {malleft fcale, I immerfed ‘a thermometer glafs, with a 
{mall quantity of water in its bulb, ina {mall quantity of freez- 
ing mixture, expecting the water would freeze inftantly ; to 
my furprize it continued fluid, although I found by my ther- 
mometer it had been fubjeéted toa cold of 15°. ‘ I at firft ima- 
gined this circumftance was owing to fome impregnation of 
falt, or freezing mixture ; but this not fatisfying me, I took 
afrefh glafs, put in fome clean water, /and repeated the expe- 
riment ; when, finding the refult the fame, I purfued the 
experiment as above, 
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fucceeded, after trying other kinds of agitation 
i in vain, by ftirring, or rather fcraping gently, 
the bottom and fides of the veffel containing the 
water to be frozen, when after fome fhort time 
{mall filaments of ice appeared, and by continu- 
| ing this motion about every part of the veffel, 
beneath the furface of the water, about two- 

| thirds of the water commonly froze. 
A flender pointed glafs rod I ufed for this 


purpofe. 


I have the honour tobe, &c. 


Oxrorp, RICHARD WALKER, 
March ath, 1788, 
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EXTRACT 


From a fecond Letter from Mr. Wanker, to Henry 


CavenpisH, Efg. dated Oxford, May 28, 1788. 


eas 


i 
A More intenfe cold I have found may be 
produced by a folution of falts in water in fum- 
mer, than can be produced by a mixture of 
fnow and falt in winter. 

To rain water fix drachms (by weight) I added 
fix drachms of nitrous ammoniac, reduced to 
avery fine powder, which made the thermo- 
meter fink from 50° (temperature of the mate- 
rials) to 4°, then adding fix drachms of mineral 
alkali very finely powdered, the thermometer 
funk to — 7°, fifty-feven degrees.} 

It is obfervable, that. in the latter there are 
two caufes concur in producing the effect, the 
liquefaction both of the {now and falt; but in the 
experiment juft mentioned, the /iquefaétion of 
the falts only. 

Gravuser’s falt, after it had given out its 
water of cryftallization by expofure to the at- 


mofphere, produced no change of temperature 
| by 


§ This frigorific mixture is by far the molt powerful of 
any made by {olution of falts in water. A mixture of fnow 
and falt falls fhort two degrees of this; that producing a cold 


=) |= L£ ~CO 
only Of —-5~. 
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by folution in the diluted nitrous acid, but 
during folution in water produced heat, as did 
likewife the mineral alkali, 


I have fince my laft feen Faurenuneit’s® Ex- 
periments on the cooling of water below its freez- 
ing point, related in vol. xxxiii, of the Phi- 


lofophical TranfaGtions. 


* FAHRENHEIT Cooled fome boiled rain water in a glafs 
globe, exhaufted of air to 15°, without freezing.—Phil. Tranf, 
vol, xxxui. p. 81. 

M. Dz Luc cooled water, purged of air, to 14° ; but found 
that it froze inftantly, on breaking the bulb which contained 
it.—-Idées fur la Metéorologie, tom. ii. Ps 205. 

The cooling of water fo far below its freezing point, (as well 
as fome other curious fatts, which incidentally occurred in 
the courfe of purfuing my fubje@, on the means of producing 
cold), being only with me a matter of contingency, was not 
pufhed to the utmoft ; but I have reafon to believe, that wa- 
ter, may by the above management, be kept fluid at, or very 
near 0%: as it is, I have fhewn that pure water under cer- 
tain circumftances will refift, without freezing, a degree of 


cold very rarely experienced in the fevereft winters of this 
climate, 


EXPERIMENTS 














































EXPERIMENTS 


ON THE 


CONGELATION OF QUICKSILVER 


IN 


ENGLAND: 
BY MR. RICHARD WALKER. 


wie 


In a Letter to Henry Cavennisu, Efq. F.R,S, and A.S; 








PAPER.1LI, 


READ MAY 28, 1789. 





SIR, 


i now beg leave to trouble you with the pars 
ticulars of my Experiments relative to the Con- 
gelation of Quickfilver, to which I fhall add an 
account of a few experiments, relating to the 
produétion of Artificial Cold, made fince my laft 


paper was written, ‘ 


ExprerRIMENT I. On December 28 laft, a fa- 
vourable opportunity offered of beginning fome 
experiments on the Congelation of Quickfilver, 
which I was defirous of effe&ting completely ; 
how far I have fucceeded will appear in the 
fequel. 

For this purpofe I prepared a mixture of di- 
luted vitriolic acid (reduced by water till its 
{pecific 
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{pecific gravity was to that of water as 1, 5596 
to 1) and ftrong fuming nitrous acid, of each 
equal parts. I preferred this mixture of acid be- 
caufe it has been found by Mr. M‘Nas, in Hud- 
fon’s Bay, to be capable of producing much 
greater cold, when the temperature of the ma- 
terials at mixing is very low, than the nitrous 
acid alone; the former finking a thermometer 
to —54%°, the latter never lower than 46°. 

A thermometer glafs withits bulb only half filled 
with quickfilver was provided, this occurring to 
me as a convenient method of afcertaining when 
the quickfilver was frozen; for if, after being 
fubjected to the cold of a frigorific mixture, the 
thermometer glafs fhould be taken out and in- 
verted, and the quickfilver found to remain com- 
pletely fufpended in that half of the bulb now 
uppermoft, no doubt can remain of the fuccefs 
of the experiment; an hydrometer, with its 
lower bulb half an inch in diameter, and three 
fourths full of quickfilver, was likewife provided, 


in cafe any accident fhould happen to the other. 


It may. be proper to premife here, that in all 
experiments of this kind I remove each veffel, 
vhen the liquor it contains is fufficiently cooled, 
out of the mixture in which it is immerfed for 

lat purpofe, immediately previous to adding 

the {now or falts with intention to generate a 
fill further increafe of cold; and likewife prefer 
adding 








OF ARTIFICIAL COLD, $3 


adding the fnow or powdered falts to the liquor, 
inftead of pouring the liquor upon thefe; it is 
neceffary alfo to flir about the fnow or falts, 
whilft cooling in a frigorific mixture, from time 
to time, otherwife it will freeze into a hard mafs, 
and fruftrate the experiment. 

A half pint glafs tumbler, containing two 
ounces and ahalf of the above-mentioned diluted 
mixture of acids, being immerfed in mixtures of 
nitrous acid and fnow, until the liquor it con- 
tained was cooled to — 30°, was removed out of 
the mixture and placed upon a table; fnow, 
jikewife previoufly cooled in a frigorific mixture 
to —15°, was added by degrees to the liquor in 
the tumbler, and the mixture kept ftirring until 
a mercurial thermometer funk to —6o0°, where 
it remained ftationary ; the hydrometer was then 
immerfed in the mixture (the thermometer glafs 
having been broken in the courfe of the experi- 
ment), and flirred about in it fora ftort time, 
and on taking the hydrometer out, and gently 
fhaking it, I perceived the mercury had already 
acquired the confiftence of an amalgam, and 
after immerfing it again for a few minutes, and 
then taking out and inverting it, I was gratified 
for the firft time with the fight of quickfilver in 
a ftate of perfeé congelation. 

I applied my hand to the inverted glafs bulb; 
this foon loofened the folid quickfilver, which, 
D on 
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34 
on fhaking the hydrometer, was diftinétly heard 
to knock with force againft the glafs; it was then 
immerfed a fecond time, and when taken out 
was found adhering to the glafs as before. 

I now inverted the glafs again, and kept it in 
that fituation until the whole of the quickfilver 
melted, and dropped down globule after globule 
into the ftem of the hydrometer. 

The interval of time from taking the quick- 
filver out of the frigorife mixture in a folid 
ftate, the laft time, to its perfeét liquefaétion, 
was not noticed; but, upon recolleétion immedi- 
ately afterwards, was {uppofed to be not lefs than 
three or four minutes. In a fucceeding experi- 
ment this circumftance was attended to, and the 
frozen quickfilver, weighing feven fcruples, was 
not entirely melted under feven minutes, the 
temperature of the air at the time being 30°. ) 


The experiment which follows I confider the 
moft extraordinary, becaufe it proves beyond a 
doubt, that quickfilver may be frozen not only 
here in fummer, but even in the hotteft climate, 
at any feafon of the year, by a combination of 
{rigorific mixtures, in the way defcribed in the 
Philofophical TranfaGtions, vol. lxxvii, p. 285.* 
in which attempt to freeze quickfilver made 
April goth, 1787, the temperature of the air 

and 


* Sea age 
weld page 4F- 





































and materials being 45°, I certainly reached 
(without the afliftance of fnow or ice) the point 
of mercurial congelation; but had then no {atif- 
factory proof that any part of the quickfilver 


was abfolutely congealed. 


EXPERIMENT II. On December 30, three 
ounces of amixture compofed of {trong fum- 
ing nitrous acid, two parts, and firong vitriolic 
acid and water, each one part, were cooled in a 
half pint tumbler immerfed in a frigorific mix- 
ture, till the temperature of the diluted mixture 
of acids was reduced to—30°. The tumbler was 
then removed out of the mixture, and GLauBER’s 
falt, in very fine powder, previoufly cooled to 
—14° by a frigorific mixture, added by degrees to 
the liquor in the tumbler, ftirring 1t together 
until the mercury in the thermometer funk to 
—54°. The hydrometer ufed in the former ex- 
periment, with its lower bulb three-fourths full 
of quickfilver, was now immerfed and ftirred 
about in the mixture for a few minutes, when 
on taking it out, and inverting it, I had the fa- 
tisfaction to find the fame proof of the quick- 
hlver being frozen as in the former inftance. It 
was immediately fhewn to the Gentlemen pre- 
fent, who expreffed likewife their entire {atis- 
faction. 

Nearly four ounces of the powdered {alt was 

D 2 added ; 
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added: but I believe, fome was added after the 
greateft effect was produced. 

I had no nitrous ammoniac by me, otherwife 
I fhould have ufed upon this occafion, inftead 
of GLaAuBeEr’s falt alone, a mixture of thefe two 
{alts in powder, in the proportion of feven parts 
of the former to eight of the latter. 

The temperature of the room in which thefe 
experiments were made was 30° each time, and 
the quickfilver taken from a jar containing feve- 
ral pounds. 


ExpPERIMENT III. By an experiment made 
purpofely on January 1oth laft, at which Dr. 
Bourne was prefent, I have found that quick- 
filver may be congealed tolerably hard, by ad- 
ding frefh fallen fnow, at the temperature of 92° 
to {trong fuming nitrous acid, previoufly cooled 
to between — 25° and — 30°, which may be very 
eafily and quickly effected by immerfing the 
veffel containing the acid in a mixture of {now 
and nitrous acid. 


I ufe the fuming nitrous acid upon all occa- 
fions, becaufe that does not require to be di- 
luted, cold being immediately produced on the 
{malleft addition of fnow.* , 

EXPERIMENT 


* On the firft addition of {now to ftrong vitriolic acid, or 
dephlogifiicated nitrous acid, heat is produced; becaufe the 
cold 
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Exprriment IV. On January 12, by parti- 
cular requelt, I repeated the experiment of freez- 
ing quickfilver at the Anatomy School in Chrift 
Church, in the prefence of the Honourable Mr. 
Wenman, the Reverend Dr. Hoarg, Dr. Sis- 
THORPE, Junior, the Reverend Mr. Jackson, of 
Chrift Church, and Mr. Woop, of this place, a 
Gentleman well known for his ingenuity in me- 
chanics. 

For this purpofe were provided a fpirit ther- 
mometer graduated very low, and a mercurial 
thermometer graduated to—76°, two thermome- 
ter glaffes with bulbs very near, if not quite, 
an inch in diameter each, one filled with mer- 
cury nearly to the orifice of the tube, which was 
left open, the other with its bulb half filled, and 
an hydrometer with its lower bulb (confiderably 
lefs than either of the others), likewife half fil- 
led with mercury ; the temperature of the room 
at this time 28°. 

A pan, containing nine ounces of the mixture 
of acids prepared as in the firft experiment, was 
placed in a larger pan, containing nitrous acid, 
and this, in a frigorific mixture of nitrous acid 
and fnow, contained in another pan much 


larger, 


When 


cold which would be produced, by the fnow diffolving, is ct 
firft more than counteracted by the difpefition of the diffolved 


inow, in uniting with the acid, to generate heat, 
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When the nitrous acid in the fecond pan was 
cooled, by this mixture, to —18°, and the 
mixed acids in the fmalleft pan nearly as much, 
{now, at fomewhat between 20° and 25°, the 
temperature of the open air at that time, was 
added to the nitrous acid in the fecond pan, 
until the fpirit thermometer funk to near — 49°; 
then the thermometer, with its bulb half filled, 
was immerfed-a fufficient time, and, when taken 
out, the quickfilver in it was found frozen, and 
adhering to the glafs. 

The pan containing the mixed acids, and 
which had been removed whilft the fnow was 
added to make the-fecond mixture, was now re- 
placed in it, in order to be cooled; and when 
the mixture of acids was reduced to the tem- 
perature of —94°, fnow, previoufly cooled to 
18°, was added, keeping the mixture ftirred 
until the mercurial thermometer funk to — 60°; 
its temperature, by the fpirit thermometer, was 
then found to be —51°.* 

The three glaffes, containing the quickfilver 
to be frozen, were now immerfed in this mix- 


ture 


* Quickfilver having been fubje&ted in the inftance 
which follows, to a greater degree of cold than hitherto, as 
will appear by examining the table; the very accurate defcrip- 
tion given of its appearance in a folid ftate, (for which I am 
obliged to a gentleman prefent, well fkilled in mineralogy), 
may confequently be more intereftin ge 
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ture, and having been moved about in it for a 
confiderable time, during which the fpirit there 
mometer rofe fcarcely one degree, were then 
feverally taken out, and examined. 





When the freezing mixture was fuppofed to 
have produced its effet, the bulb, which was 
completely filled, was taken out, and broken on 
a flat flone, by a moderate ftroke or two with 
an iron hammer. 

This bulb was eleven or twelve lines in dia- 
meter. 

The folid mercury was feparated into feveral 
fharp and brilliant fragments, fome of which 
bore handling for a fhort time before they re- 
turned to a fluid form. One mafs, larger than 
the reft, confifting of nearly one third of the 
whole ball, afforded the beautiful appearance of 
flat plates, conyerging towards a center, 

Each of thefe plates was about a line in 
sreadth, at the external furface of the ball, be- 
coming narrow as it fhot inwards. Thefe facets 
lay in very different planes, as is common in the 
fra@ture of any cryftallized ball, whether of a 
brittle metal or of the earths, as in balls of cal- 
careous ftalaétite. The folid brittle mercury, 
in the prefent inftance, bore a very exatt re- 
femblance, ‘both in colour and plated ftructure, 

Iohurated antimony, and efpecially to the 


Ae 


radiated 
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radiated {pecimens from Auvergne, before they 
are at all tarnifhed. 

Inftead of a folid center to this ball, it feemed 
as if there had been a central cavity, of about 
two lines in diameter, a confiderable portion of 
which was evident in the fragment juft defcribed, 
at that part to which the radii converged. It 
is indeed poffible, that this may have been 
merely the receptacle of fome part of the mer- 
cury remaining fluid at the center. The hollow 
within was fhining, but its edges were neither : 
foft nor mouldering; on the contrary, they were 
fharp and well defined: nor was the brilliancy 
of the radii attributable to any exudation of 
mercury, as from an amalgam. 

In the two fmaller bulbs, which were only 
half filled, the mercury preferved its ufual luf- 
tre on the furface, in conta@ with the glafs, as 
well as on that furface which it had acquired in 
becoming folid. The latter was occupied by a 
conical depreflion, the gradations of which were 
marked by concentric lines. 

One of thefe hemifpheres was ftruck with a 
hammer, as in the former inftance, but was 
rather flattened and crufhed than broken. The 
other, on being divided with a fharp chiffel, 
fhewed a metallic fplendour on its cut furface; 
but not equalling the polith of a globule of fluid 
mercury. 


Thirteen 
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Thirteen ounces of fnow, in the whole, were 
found to have been added to the mixed acids ; 
but fome was added, to lower its temperature, 
after the glaffes containing the mercury were 
taken out, and the fpirit thermometer had rifen 
afew degrees. 

This was a day remarkably favourable for 
fuch an experiment. My thermometer, expofed 
to the open air, flood, at three quarters paft 
eight this morning, at 6°, * which is a very ex- 
traordinary degree of cold here ; but this expe- 
riment was not begun till noon. 


ExprerIMENT V. On Jan. 14, I froze quick- 
filver at the Anatomy School again, in the 
prefence of the Rev. the Dean of Chrift Church, 
and the Rev. Dr. Hornssy. 

Four ounces now, of the mixture of acids, 
prepared as in the firft experiment, were cooled 
in a tumbler to —20°, which required fomewhat 
more than an equal weight of fnow, cooled 
nearly to the fame temperature, to produce the 
greateft effect. 

This 


* In the fevere froft of 1739, the loweft degree to which 
the thermometer funk was 124, according to the obfervations 
ef Lord Cuaries Cavenpisu. 

Mr. WuirzenurRst oblerved the thermometer, at nearly 
ene degree below o, at Derby, on January 18, 1767, which, 
perhaps, he fays, is the greateft cold ever obferved in Eng- 
Jand.—Phil, Tranf, for 1767. 





ON THE. PRODUCTION 

This was fomewhat lefs than in the laft expe- 
riment, the {pirit thermometer inking no lower 
than — 46°, owing chictly to the weather having 
become much warmer, the temperature of the 
open air being now 36°. ) 

The mercurial thermometer, immerfed in this 
mixture, funk to—55°, where it became fta- 
ionary; then two thermometer glaffes, one half 
filled with mercury, and the other filled to 
a confiderable height up the tube, after being 
immerfed fome time, were examined. 

Upon breaking the fhell of glafs from the 
former of thefe, the cuickfilver was found ina 
perfectly folid ftate; but its upper furface, which 
hly polifhed, an hg of the colour of fluid 

c 


quickfilver, inftead ef being only flightiy de- 
preffed, has had been feen in every other inflance 


which afforded an opportun lity for infpection, 


‘f 
how tC 


This t depreflion, as well as the concentric 


ned a perte tly inverted hollow cone. 


circles Sue he in a former inflance, I fup- 
pofe, might be eae not entirely to the con- 
traction of th e quickfilver in becoming folid, 
but partly to a rotatory motion accidentally 


iven to it whilft congealing. 


The folid quickfilver was beaten out, but hav-~ 
ing been fuffered to le fometime on the table 


very quickly melted into liquid 
globules. The flexibility of folid quickhlver 


was 
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was clearly to be obferved in this beautiful {pe- 
cimen; for the external furface, particularly the 
upper thin rim of the concave part, was evi- 


dently bent by the firft gentle flroke of the 


hammer. 
The globe of quickfilver in the other glafs, 
which was very {mall, exhibited nearly the fame 
y ; y 


. phenomena, as in the inftances before mentioned. 


It happened in thefe experiments of mine, 
contrary to what has generally occured to others, 


that the mercury never funk lower than — 60°, 


feldom fo low, in the thermometer, and but 


little below the point of mercurial con gelation 
in the tubes of the thermometer glafies filled 


nearly up to the orifice, with a view to fhew the 
contraction of quickfilver in becoming folid by 
its great defcent in the tube. 

Reflecting upon this circumftance atten wards, 
it occurred to me, that the further defcent of the 
mercury in thefe experiments was prevente ed, not 
folely by the mercury freezing in the tube, the 
caufe commonly afligned, but LL by the itis 
formation of a fpherical fhell of folid mercury 
within the bulb, by the fudden genera ion of 
cold.* 

EXPERIMENT 

* If, therefore, it be ect to fhew the utmolt contrac- 
tion quickfilver is capable of, the cold, neceflary to freeze it, 
fhould be produced very graduadly ; and the whole of the 
bulb, containing it, fhould not be completely immeried, tll 


toward the conclufion of the experime ont. 
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as 

Experiment VI. Dr, Beppors exprefling a 
defire to exhibit folid quickfilver at his le€ture 
before his clafs, I undertook to freeze fome at 
the Laboratory on March 12, laft, and now re- 
folved to fatisfy myfelf refpecting the caufe which 
prevented the lower defcent of the mercury in 
my former experiments. 

In this, as well as the former, the mercury In 
a thermometer graduated to — 60°, and likewife 
in a thermometer glafs, filled nearly to the ori- 
fice, which lengthened its fcale to near — 270°, 
funk only a few degrees below the point of mer- 
curial congelation, and then remained {tationary. 
After waiting fometime, I took the thermometer 
out of the mixture, and obferved the bulb ap- 
parently full, and the,fhort thread of mercury 
above unbroken. I now grafped the lower part 
of the tube with my hand a few feconds, refting 
it upon the upper part of the bulb, and, upon 
taking it away, I found that the whole of the 
quickfilver had fubfided into the bulb, which it 
did not now quite fill, a {mall {pace at the top 
of the bulb remaining empty. I then took out 
the thertnometer glafs, and applied my hand to 
the tube; but the mercury remained ftationary 
until I funk my hand fo as to communicate heat 
to that part of the bulb which is immediately 
connecied with the tube, when the thread of 
mercury dropped entirely into the bulb. 


It 
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It was now immerfed again for a fhort time, 
then taken out, and the fhell of glafs beaten off, 
which expofed a globe of folid quickfilver nearly 
an inch in diameter. 

This bore feveral very fmart ftrokes with a 
hammer before it began to liquify, but was not 


perfectly malleable. 


In the courfe of thefe experiments feveral 
fragments of folid mercury were thrown into 
mercury in its ordinary liquid ftate, and were 
found to fink with celerity,* 








In continuing my refearches refpeéting the 
means of producing artificial cold, I have found 
that phofphorated foda produces rather more 
cold by folution in the diluted nitrous acid than 
GLauBeEr’s falt. 

At the temperature of 50°, four parts of the 
diluted nitrous acid (prepared by mixing ftrong 
nitrous acid with half its weight of water) re- 

guired 

* The contra&tion of quickfilver in freezing, fhews that 
its {pecific gravity is increafed in becoming {olid, 
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¢ 


quired eight parts of.that neutral: falt in fine 
powder to be added, in order to caufe the ther: 
mometer to fink to__6°; and again, by the ad- 
dition of five parts of nitrous ammoniac in fine 
powder, the thermometer funk fo low as — 160, 
in the whole fixty-fix degrees. 

A mixture of this kind made the thermome- 
ter fink from 80°, (the temperature of the ma- 
terials before mixtii ng) to 0°, 


I was direéted to the trial of this falt by the 
like remarkable fenfation of coldnefs without 
pungency, which, with its other fimilar proper- 
ties to ice,* firft induced me, whiltt purfuing 
te fubje& of cold, to try the effeé of diffolving 


e GLAUBER’ s falt in the mineral acids. 


Equal quantities by weight of phofphorated 
{oda and Giaussr’s falt, were evaporated fepa- 
tately over a gentle fire, until each was reduced 
to a perfectly dry powder. I then weighed 
them, and found the refiduum of the phofpho- 
tated foda fomewhat lighter than that of the 
GuLauBer’s falt; from vib eae it is probable the 
former contains the greateft quantity of water 
s 


€ Seaport PMR Gaus Lion POL, 
Or Cr y {tall zZation. 


I have 


—-Macouer’s Chem. 
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I have found, that each of the neutral falts 
which produce any remarkable degree of cold 
by folution in the mineral acids, viz. phofpho- 
rated foda, Giauser’s falt. and Haine falt, lofe 
this property entirely, when deprived by any 
means of their water of ery allizat ion. 

By a trial made with great accuracy, I find, 
that even the mixture compoled of diluted vi- 
triolic acid and cs nian falt 1s adequate to 
any ufeful purpofe that may be required in the 
hoge ft country; for, by adding eleven parts of 
the falt in fine powder, to eight parts of the 
vitriolic acid, diluted with an equal weizht of 
water, the thermometer funk from 80°, the mean 
temperature of the hotteft climate, and to which 
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mixing, to rather below 20°. 


GLausBer’s, falt added to the marine acid un- 
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diluted, produces very nearly as oreat a decree 
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of cold as when mixed with the diluted nitrou 
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acid. At the temperature of 50°, two parts o 


t 


the acid require three parts of the falt in cue 


. powder, which will fink the thermometer to 0°; 
and if three parts of a mixed powder, contain- 


ing equal parts of fal ammoniac ong nitre be 
t 
f 


added afterwards, the cold of the mixture will 
be increafed a ae degrees more, 
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The frigorific mixture above defcribed, com- 
pofed of phofphorated foda and nitrous ammo- 
niac, diffolved in the diluted nitrous acid, being 
the moft powerful, it will probably be found 
moft convenient for freezing quickfilver, when 
{now is not to be procured. 


The materials for this purpofe may be previ- 
oufly cooled in mixtures made of marine acid, 
with GLauBeR’s falt, fal ammoniac, and nitre, 
in the proportions mentioned above, this being 
much cheaper than thofe made with diluted ni- 
trous acid, and very nearly equal in effect. 


In my laft paper I mentioned a freezing mix- 
ture made by diflolving a powder compofed of 
equal parts of fal ammoniac and nitre in water, 
and therein directed fix parts of the mixed pow- 
der to be added to eight parts of water; but I 
have found fince, that the beft proportions are 
five parts of the former to eight of the latter, 
by which I have funk the thermometer from 50° 
tO. 11°% 


Having now profecuted my fubjeét relative to 
mixtures for generating artificial cold without 
the ufe of ice, from a poflible method propofed 
by Dr. Watson, (Effays, vol. iii, p. 139.) for 
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freezing water in fummer in this climate, and 
earried it on to acertain method of freezing, not 
only water, but even quickfilver, in the hotteft 
climate, I now intend to take my leave of it. 


I have the honour to be, &c. 


RICHARD WALKER. 





Suppofing it might be ufeful to give fome ac- 
count of the fubjeét on which this paper 1s writ- 
ten, I thought I could not do better than pre- 
fent my readers with an Epitome of Dr. Biac- 
pen’s ‘‘ Hiftory of the Congelation of Quick- 
filver,” (Phil. Tranf. 1783): I have, therefore, 
given the different inftances therein mentioned, 
produced as well by natural as artificial cold, 
with the phenomena attending each, condenfed 
into the form of the table annexed. 


N.B. The phenomena in each inftance, are 
connected with the correfponding table on the 
oppofite page, fimelar figures of references. 


QUICKSILVER 
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That cold is produced by diffolving {now in 
each of the mineral acids, was I believe, firit 
difcovered by Bove, fee Boyle's works, vol. 11, 
p. 509, who likewife obferves, page 510, that of 
thefe, the greateft cold is produced by diffolv- 
ing {now in ftrong fpirit of Nitre: he likewife 
attempted to freeze Quickfilver, page 517, by 
artificial, as well as natural cold. Whenice it is 
probable, if Boye had lived ina climate more 
favourable to his purpofe than England; the 
difcovery, that Quickfilver in a fufficient degree 
of cold becomes a folid metal might have been 
anticipated half a century. 


Nore. Ina well adjufted mercurial thermometer, it may be 
fafely concluded, that congelation of the included Quickfilver 
has commenced, as foon as the thermometer reaches —- 43%3 1 
have commonly found this to happen-at — 40°. 
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| Communicated by Martin Watt, M.D. F.RAS. 








PAPER IV. 


READ MAY 14, 1795: 


: 2 


en) 





Havinc already inveftigated the means of 
producing artificial cold, and at the conclufion 
of my laft paper (on the congelation of quick- 
filver) difmiffed that part of the fubjeét, the belt 
method of making ufe of thofe means naturally 
becomes a defideratum; tothat therefore I have 
lately given my attention, and flatter myfelf that 
the following obfervations may be confidered as 
an ufeful appendix to my former papers. 


: The freezing point of quickfilver being now 
as determined a. point on the {cale of a thermo- 
meter, v7z. —39°, as the freezing point of water; 


and as this metal, exhibited in its folid ftate, af- 
fords 
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fords an interefting as well as curious pheno- 
menon, I fhall apply what I have to fay prin: 
cipally to that object. 


Frequent occafions having occurred to me of 
obferving the {uperiority of {now, in experiments 
of this kind, to falts even in their fittef ftate, 
that is, frefh cryftallized, and reduced to very 
fine powder, I refolved upon adopting a kind of 
artificial fnow. 


The firft method which naturally prefented it- 
‘felf, was by condenfing fteam into hoar froft; 
this anfwered the purpofe, as might be expeéted, 
exccedingly well; but the difficulty and expence 
of materials in collecting a fufficient quantity, 
determined me to relinquifh this mode for ano- 
ther, by which I can ealily and expeditiouifly 
procure ice in the fitteft form for experiments of 
this kind: the method I mean, is by firft freez- 
ing water in a tube, and afterwards grinding it 
into very fine powder. 

Thus poffefled of the power of making 
ice, and afterwards reducing it to a kind of 
fnow, the congelation of quickfilver becomes 
a very eaty and certain procefs; for by the ufe 
of a very fimple apparatus (fee the plate, fig. 6.) 
quickfilver may be frozen perfetly folidin a few 
minutes, wherever the temperature of the air 
does 






































OF ARTIFICIAL COLD. 54 
does not exced 85°, thus: one ounce of nitrous 
acid is to be poured into the tube 0 of the vef- 
fel, obferving not to wet the fide of the tube 
above with it; a circular piece of writing paper 
of a proper fize is to be placed over the acid, 
refting upon the fhoulder of the tube, and the 
paper brufhed over with fome melted white wax; 
thus prepared, the veffel is to be inverted, and. 
filled with a mixture of diluted nitrous acid, 
phofphorated foda, and nitrous ammoniac, in 
proper proportions for this * temperature, and 
tied over fecurely, firft with waxed paper, and 
upon that a wet bladder 

The veffel being then turned upright, and. 
placed in a fhallow v effel, viz. sidan ede or plate, 
an ounce and ahalf of rain or Aifilled wateris to 
be poured into the tube, w hich is to be covered 
with a ftopper or cork; and, as foon as frozen 
folid, ground to fine powder, an affiftant hold- 
ing it firmly and fteadily the while; obferving 
occafionally to work the inflrument in different 
dire@ions up and down, that no lumps may be 
formed. 

When the whole of the ice is thus reduced to 
powder, and the lumps, 1 any broken, the fri- 

corfic 

* J have, by a very accurate We iaiiad of this mixture, 
funk a thermometer from 85° (temperature of ‘the veilel and 
materials) to 2°. 

For the proportions of the materials to be ufed at any given 


re y a eae Aa a | i 
temperature, yee the Table, and the directions whic! h follow it 
A od 
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gorific mixtures 1s to be let out quickly, by cut- 
ting or untying the flring, and removing the 
bladder, &c. which confines it; a communica: 
tion made, by forcing a rod of glafs or wood 
through the partition; and the whole mixed ex- 
peditioufly to together. 


In this climate, a mixture much lefs expenfive 
will be fufficient, viz. that compofed of diluted 
nitrous acid, GrauBeEr’s falt, fal ammoniac, and 
nitre; a mixture of this kind finking a thermo-. 
meter in the warmeft weather to near o°. 

At the temperature of 70°, or a little higher 
the quantity of diluted nitrous acid may be about 


- one-fourth lefs than is mentioned in the table, 


for 50°. 


Thefe methods are the moft expeditious, and 
attended with the leaft trouble; but as ice may 
be ufed with equal certainty, and with much 
lefs expence, I fhall give a particular detail of 
an experiment made with the ufe of it; firft 
mentioning a preparatory experiment, to which I 
was immediately led by the recolle@tion that Sir 
Cuarves Bracpen, in his paper ‘‘ On the Point 
of Congelation,” (Phil. Tranf. vol. Ixxvii.) had 
found that fal ammoniac and common’ falt, 
mixed with fnow, produced a cold of—12°, 
whereas the latter ufed alone with fnow produces 


CHIUY eae 


I ufed 
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I ufed a mixed powder of equal parts of com- 
mon fal ammoniac and nitre with the common 
falt, by which the thermometer funk to —187; 
and when I ufed nitrous ammoniac with com- 
mon falt, to 25°; this cold I could not increafe 
by the addition of any other falts, nor could I 
equal it by any other combination of falts: thofe 
‘I tried were Grauser’s falt, falt of tartar, foda, 
and Epfom falt: by feveral trials, I found the 
beft proportions to be, fnow or pounded ice 
twelve parts, common falt five parts, and of ni- 
trous ammoniac, or a powder of equal parts {al 
ammoniac and nitre mixed, five parts; or one 
third of common falt, when I ufed that alone 


with {now or pounded ice 


My apparatus then (Dec. 28th laft) confifted 
of two veffels (fig.1 and 9), an inftrument, 
(fig. 9) to grind or rather {crape the ice to pow- 
der; a kind of fpatula (I ufe a marrow fpoon} 
to ftir the powder occafionally; a thermometer 
(fig. 4); anda {mall thermometer elafs, with the 
bulb three-fourths full of quickfilver (figisa } 

I filled the veffel, (fig. 1), holding when in- 
verted, two pints, flraium fuper firatum, with 
pounded ice, common falt, and a powder con- 
fitting of equal parts, falammoniac and nitre 
mixed together; by firft putting in fix ounces 
of pounded ice, then two ounces and a half of 
common 
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common falt, and, after ftirring thefe well to- 
gether, two ounces and a half of the mixed falts, 
mixing the whole well together; this was re- 
peated in the fame manner until the veffel was 
quite full; it was then tied over fecurely with 
a wet bladder, turned upright, and one ounce 
and a half of rain water poured into the tube 
through a funnel, the tube covered with a cork, 
and'the veflel left undifturbed till the water was 
frozen perfe@tly folid. 

The inftrument for grinding it was then put 
in to acquire cold, whilft the veffel. fig. 9, hold- 
ing, when inverted a pint, was filled in the 
{ame manner, with the fame proportions of 
materials, a bladder tied over it, fet upright, 
and one ounce of fuming nitrous acid poured 
into the glafs to be cooled. 

The ice was then ground to powder, and when 
finifhed, the nitrous acid being found to have 
acquired a fufficient degree of cold, viz. —19°, 
the frigorific mixture of ice and falts was let out 
of the veffel which contained the nitrous acid; 
and the powdered ice (ftill furrounded by its 
frigorific mixture) added to the acidas quick as 
poffible; when the thermometer funk to near 
—50°, and the mixture foon froze the quick- 
ilver inthe olafs bulb. 

In this experiment, 18 minutes were required 
to freeze the water perfectly folid; and 15 to 

reduce 
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reduce the ice, by moderate labour, to very fine 
powder. The experiment was over in 55 mi- 
nutes; and the temperature of the preparatory 
cooling mixture then found to be —10°. 

I had a fpirit thermometer by me, but a mer- 
curial thermometer being much more fenfible, 
and confequently defcending much quicker, I 
prefer it in experiments made merely to freeze 
guickfilver; knowing from experience how the 
congelation is going on, from the irregular de- 
{cent of the mercury,when a few degrees below 
its freezing point; and from having ufually found 
that the quickfilver in the thermometer glafs be- 
gins to freeze as foon as the mercurial thermo- 
meter reaches —40°. 


Whenever I have occafion to ufe ice in fum- 
mer for this purpofe, I ufually pound together, 
firft fome ice and falt in a ftone mortar, about 
two parts of the former to one of the latter; 
throw this away, and wipe the peftle and mortar 
perfectly dry ; the mortar being thus cooled, the 
ice may afterwards be pounded {mall without 
melting. 

And as a mixture made of fnow, or ice in pow~ 
der, and falts, does not give out its greateft cold 
till it is become partially liquid, by the action 
of the ice and falts on each other; it 1s. neceflary 
that the whole be ftirred: well together, till. it 
iS 
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62 
is become of an uniformly moift pulpy confift- 
ence, efpecially fince in becoming liquid the 
mixture fhrinks fo much, that if this be not at- 
tended to, the veffel will not be near full, and 
confequently the upper part of the tube not fur- 
rounded, as it ought to be, by the frigorific 
mixture. The diffolution of the ice and {alts 
may, if required, be haftened by adding occa- 
fionally a little water; but then the cold, pro- 
duced will be lefs intenfe, and not fo durable. 


That particular form of the veflel in which the 
ice is made and reduced to powder, is chofen 
becaufe it fubjets the powdered ice in the tube 
to the conftant action of the freezing mixture, 
without which it would be lefs fit, particularly 
in warm weather, for the intended ufe, and be- 
caufe in it the ice is not liable to be 1mpreg- 
nated with the falts of the mixture, by which 
it would be utterly fpoiled: and that for cooling 
the nitrous acid, and making the fecond mix- 
ture in, becaufe itis fteady, and is befides infu- 
lated as it were from the external warm air, and. 
furrounded in its ftead by an atmofphere much 


colder. 


It is fearcely neceflary to add, that when {now 
which has never thawed can be procured, it may 
be cooled in this apparatus by a mixture of {now 


(inftead 
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_ (inftead of the pounded ice), and the falts, and 
the trouble of reducing the ice into powder, 


faved. o-. epee Beith ebiarat 


I prefer the red fuming nitrous acid, : becaufe, 
as I have obferved in a former paper, it requires 
no dilution. Being however under the neceflity 
at one time of sini the gale nitrous acid, I 
found it required to be diluted with one-fifth its 
weight of water. 


The beft and only way of trying or reducing 
any acid to the proper ftrength, is by adding 
{now, as Mr. Cavenpisu direéts, (Phil. Tranf. 
vol. Ixxvi, p.149.) or the powdered ice to it, until 
the thermometer ceafes to rife; then cool the acid 
to the fame temperature of the {now again, add 
more fnow, which will make the thermometer 
rife again, though lefs; cool it again, and repeat 
this, until the addition of {now or powdered ice 
will not make the thermometer rife: to be very 
accurate, it fhould be reduced in this manner to 
the proper ftrength, at the temperature what- 
ever it be, at which the nitrous acid and fnow, 
or powdered ice, are to be mixed together when 
cooled. | 


dn the courfe of my experiments I have en- 
deavoured to afcertain ‘the comparative powers 
of ice to produce cold with nitrous acid, in the 

different 
* Phlogifticated nitrous acid, + Dephlogiftrcated nitrous acid, 




















































G4 ON THE PRODUCTION 

different forms I have had occafion to ufe it. 
The refult is, that frefh fnow funk a thermome- 
ter to—32°, ground ice to—34”, and the mot 
yare frozen vapour to below — 35°; the veffel and 


materials each time being 30°. 


The veffels for thefe mixtures, particularly 
that in which the quickfilver is to be frozen, 
fhould be thin, * and made of the beft conduc: 
tors of heat; firfl, becaufe thin veffels rob the 
mixture of lefs cold at mixing, i.e. 1f two mix- 
tures of the fame kind are made, one in a thin, 
the other in a thick veffel, the former will be 
coldeft ; fecondly, becaufe the air is a fufficiently 
bad conduétor; and thirdly, for the very obvi- 
ous reafon, that the cold is tranfmitted through 


them quicker. 


For thefe reafons, and from the difficulty I 
have found in procuring veffels of glafs, which 
are undoubtedly fitteft for experiments of this 
kind, I have ufed tin; which is readily had in 
any form, and if coated with wax, is fufficjently 
fecurcd, againft the aCtion of the acids. 

I give the infide fuch a coating, by pouring 
melted white wax into the veffel, previoufly 

clean 


* Some cold is loft, by the heat which the veffel commu- 
nicates to the mixture in which itis made; this I have feldom 


Pe 
+ 


found to be lefs than two degrees, even in the thinneft veffel. 
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Cn 


clean and dry, and turning it about by hand,’ fo 
as to leave no point of the metal uncovered for 
the acid.to aé& on, pouring the furplus away. 


The whole of this apparatus may be of tin; 
that part only (when the cooling mixtures are 
made-without ufing any corrofrve acid) in which 
the acid mixture is to be made, being previoufly 
coated in the manner above mentioned. 

Ihave occafionally ufed a thin glafs tumbler 
for the mixture in which the quickfilver is to be 
frozen, immerfing it with the acid in a frigorific 
mixture till the acid is fufficiently cooled, then 
adding the ground ice toit, previoufly removing 


the tumbler out of the ‘frigorific mixture ; this - 


fimplifies the apparatus, but is lefs convenient 
on many actounts. 


The f{cale of this apparatus may be diminifhed 
or increafed at the will of the operator ; for 
there is no doubt that a fmall quantity of quick- 
filver may “be frozen‘at any time with one- fourth 
of this quantity, with an apparatus ‘of this kind, 
by any one converfant'i in fach-experiments.’ 

T have frequently frozen quickfilver, by mix” 
ing: together, = 6 ih three drams of ground” ick 
With two: dvanis of nitrous acid. Pion iia ’ 


4 “O88 ~ 2 west o/ one i 2 es 
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Whenever the intention is, as in thefe expe- 
riments, to cool the materials to nearly the fame 
temperature with the frigorific mixture in which 
they are immerfed, the proportion of the frigo- 
rific mixture to the intended mixture, or ma- 
terials to be cooled, fhould not be Jlefs than 
twelve to one; a greater difproportion is full 
better. 


By attending to the directions particularly 
mentioned in the experiment made on Dec. 28, 
a thermometer may be always difpenfed wath; 
the proportions of the materials to be cooled 
being exaétly adjutted ; and when they are to be 
mixed precifely dezermined, by the time em- 
ployed in grinding the ice to powder. 

The proportions of fnow, or pounded ice and 
falt, or falts, may be gueffed fufficiently near 
without weighing, unlefs in very nice experi- 


ments. 


Imagining that a recapitulation of the diffe- 
rent mixtures, defcribed in my former papers, 
for producing artificial cold, brought into one 
view might not be un-ufeful, I have fubjoined a 
table of the falts, their powers of producing 
cold with the different liquids, and the propor- 
tions of each, acording to a careful repetition of 
each; the temperature being 50°. 

Salts 
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Temperature, 

Salts. Liquor. or cold 
é, ; | produced. 

_*Salammoniac g, nitreg - - = water 16 107 
Sal ammoniac 5, nitre 5, GLauBeER’s falt 8 —— 16 4° 
* Nitrous ammoniac 4 - Bae -_— 1 4° 
Nitrous ammoniac 1, fal foda 1 = = = -———= 1 =< 9° 
t+ Grauper’sfalt3 - = - d.nitr.acid 2 — 3% 
Grauser’s falt 6, fal ammoniac 4, nitre 2 4 —10? 
Giavuser’s falt 6, nitrous ammoniac 5, - - ——4 — 14? 
- Phofphorated fodag = + = = = =———4 — 12% 
Phofphorated foda g, nitrous ammoniac 6 - 4 — 212 
+ Guavuper’s falt8 -,-* = marine acid 5 o? f 
+ Guavper’s falt5 + = <=  d.vitr.acid 4 3°t 


I have chofen the temperature of 50°, becaufe 


the materials may at any time by immerfion in. 


F 2 water 


\ 


N.B. The figures after each falt, and after the liquor, fig- 
nify the proportion of parts, by troy-weight, to be ufed; the 
trouble of weighing the water may be faved by obferving, that 
a full ounce of it by wine-meafure correfponds exa&ly with 
one ounce of it by troy-weight; likewife it muft be noticed, 
when more kinds of falts than one are ufed, to add them to the 
the liquor one after the other, in the order they ftand in the 
table; beginning on the left hand, and ftirring the mixture 
well between each addition: d. nitr. acid, is red fuming ni- 
trous acid two parts, and rain, or diftilled water one part, by 
weight, well agitated together, and become cool: d. vitr. acid, 
is {trong vitriolic acid, and rain, or diftilled water, equal parts, 
by weight, thoroughly mixed (very cautioufly) and cooled. 

* The falts from each of thefe may be recovered by evapo- 
rating the mixture to drynefs, and ufed again repeatedly, 

+ The materials from each of thefe may be recovered for ufe 
again, by diftillation and ‘chryftallization. 

+ The cold in each of thefe mixtures may be likewile in- 
creafed by the addition of fal ammoniac, and nitre. 
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water drawn from a fpring, be cooled nearly 
to that temperature, and the experiment for 
freezing with mney of thefe. mixtnres -commence 
there. " Bsa sa OO 


At oN higher temperature than 50°, the quan- 
tity of the falts muft be increafed , and the effea 
will be proportionably. greater.; at a.lower tem- 
perature diminifhed; when the effect’ will” be 
proportionably lefs. 


It mult be: obferved, that -.to produce. the 
greatelt effect by any. frigorific.mixture,,the falts. 
fhould be frefh cryftallized,* not damp, and 
newly reduced to very fine powder; the veffel 
in which they are made, very thin, and juft large 
enough to contain the mixture; and the mateé- 
rials mixed intimately together, as quickly as. 
poffible, the proper proportions at any tempe- 
rature (thofe in the.table being adjufted-for the 
temperature of 50° only) having been previoufly 
tried by adding the powdered falts gradually to 
the liquid, till the thermometer ceafed to fink; 
obferving to produce the full effe@ of one falt 
before a fecond is added, and likewife of_the fe- 
cond before a third is added. 


* Soda, phofphorated foda, and GLauBeER’s falt, are beft 
chryftallized afrefh, becaufe their effet, efpecially the two laft 


in the acids, depends upon the quantity of water. they contain 
in a folid ftate. 
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«iNeither foda, phofphorated foda, nor GLav- | 
BER’s’ falt fhould: be mixed with nitrous'ammo- 
nia¢, orthe powder compofed of fal ammoniac 
and nitre, unlefs at a low temperature, 2. e. be 
low 0°, but pounded and kept apart. 
» In thé experiments alluded to in the table, 
the precaution of. frefh chryftallizing the falts 
was°not obferved, ‘becaufe I chofe to give the 
ordinary effeéts only ; I therefore then ufed falts 
intheir common ftate, taking care, however, to 
pat feh as had not in the ap ueat efllorefced. 


“ ; 
re | ( i\ ATs Gr 


Since it 1s nesters uw fefal, and generally abfo- 
lutely neceflary, to know how much room in a 
veffel the feveral materials take up feparately, 
and when mixed, it will be right to obferve, that 
fnow, orice in powder, at near’o°, occupy in 


Sa sSaigtatetsterssateteren tote ee muaeersertntateerte® = 
Sep recatater eet se npeneranesth : esenite 
state ata 2pes mired coe z 


- meafure nearly two thirds more than their weight; 


eran sae te 


that is;'one ounce ‘weight of water will, when in 
the form of fnow, or ice ground to powder, 
nearly fill a veffel which ‘holds three’ ounces 


eprreprst TSE) 
Sr etalesecenes ee: 
ecaees 


wine-meafure ; powdered falts nearly double 
their weight ; ftrong nitrous acid, about three- 
fourths its weight; and’a mixture made of falts 





and diluted nitrous acid, meafures rathér' lefs 
than two-thirds‘ of the weight of the ingredients. 














Without a previous knowledge of this, it 1s mm- 
poflible to aaah the fize of the veflels to the 
jue: the 
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the mixtures which are to be made; becaufe, in 
moft nice experiments of this kind, the height 
to which a veffel will be filled is indifpenfably 
neceffary to be known beforehand, 


The long continuance of the late froft having 
afforded me opportunities of repeating thefe 
experiments in various ways, I fhall mention 
briefly the refult of fuch as appear to me to be 
material. 

I have found, that ice may be ground fo fine 
as to be equal to frozen vapour, and the harder 
it is frozen the finer it is ground, but with more 
labour: 

That quickfilver may be frozen by cooling 
the nitrous acid only, faving the trouble and in- 
convenience of cooling the fnow likewife ; either 
by adding {now at 32°, to nitrous acid at —29°; 
or {now at 25°, to nitrous acid at —20°; or {now 
at 20° to nitrous acid at —12°; moft winters 
offer an opportunity of doing it in this way ; the 
nitrous acid may be cooled in a mixture of fnow 
and nitrous acid : 

That it may likewife be frozen, by mixing 
expeditioufly together fnow and nitrous acid, 
when the temperature of each is 7°: 


Or, by mixing ground ice and nitrous acid 
at 10°. 


Hence 
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Hence it follows, that the cold of this cli- 
_mate offers occafionally opportunities of freez- 
ing quickfilver, without previoutly cooling by 
art the materials to be mixed; for I have once 
feen the thermometer at 6°, and others, I be- 


lieve, have feen it lower, 


I expeéted an oppor tunity would have offered 
this winter, but the loweft point I faw my ther- 
mometer at, this feafon, was only 10°; at this 
temperature, I mixed nitrous acid (cooled out 
of doors to the temperature of the air) and fnow, 
on January 23d laft; but the cold produced 
was not quite fufficient to freeze the quickfilver, 
although very near it, as indicated by a thermo- 
meter: but from what I have obferved fince thefe 
latter experiments were made, I think it may be 
reafonably expected, that powdered ice and ni- 
trous acid at 14°, or {now at 10°, will fucceed, 


if mix ced expeditioufly. 


Strong {fpirit of Hees whofe fpecific gravity 
is 1,848, required to be diluted with half its 
weight of water, and produced with fnow at 
the temperature of 30°, about eight degrees lefs 
than with nitrous acid, finking the thermome- 
ter to —24°; four parts of the diluted vitriolic 
acid required, at nae temperature, fix parts of 
{now. 

It 





















































72 ON THE PRODUCTION 
It perhaps will be remarked, that\I have taken 
no. notice before of the.vitriolic acid. . The rea. 
fon is, becaufe the freezing point of quickfilver 
being — 39°, it may be frozen tolerably hard by. 
a mixture of nitrous acid with fnow, or ground) 
ice, though the utmoft degree of cold this acid: 
can produce with {now is —46;* which degree 
of cold may be produced by EUR the {now:or 
ground ice and nitrous acid at 0° | 
_ If it be required to make it BE es folid and 
hard, a mixture of equal parts of the diluted 
vitriolic acid and nitrous acid fhould be ufed, 
with the powdered ice, but then:the materials 
fhould not be lefs than —10° before mixing. 

If a ftill greater cold be required than a mix- 
ture of that kind can give, which 1s about —56°,* 
the diluted vitriolic acid alone fhould be ufed 
with {now or powdered ice, and the tempera- 
ture at which the materials are to be mixed not 
lefs than —20°. ¢ 

Sele& 


* The power of.each of thefe mixtures for producing fur- 
ther cold, is limited at the temperatures mentioned; in con- 
fequence of having arrived at, or very near, to that degree of 
cold, at which the mixture itfelf would freeze, viz, at its point 
of aqueous congelation. See the note at page 16. 


+ The utmoft degree of cold, which a mixture of diluted 
vitriolic acid, and {now can produce, is not yet known; the 
greateft 
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 Sele&, according to the intention, either. of 
thes three following mixtures : + 

Firft ; {now, or pounded ice, two wake. + a 
common falt one part, which produces a cold 
of —5°: ) | 
. Second; {now or pounded ice twelve parts, 
commen falt five parts, and a powder, confifling 
of equal parts of common fal ammoniac and ni- 
tre mixed, five parts, which produces a cold of 
ek Gsiics! 
_ Third ; {now or pounded ice twelve parts, com- 
mon falt five parts, and nitrous ammoniac in pow. 
der five parts, which produces a cold of —25°. 


«The a cn aap I foe Bd to be the 
beft for mixing the {néw or powdered ice with 
the different acids, at different temperatures, are 
thefe ; viz. at 30°, feven of the former to four 
of the nitrous acid; at 5° (with a trifling allow- 

ance, 


greateft degree of artificial cold hitherto produced is — 784 ; 
this was effeéted with a mixture of this kind, by Mr. M‘Nas, 
at Hudfon’s Bay. Phil. Tranf. 1786, p.266. > 

Thermometers filled with re€tified {pirit of wine, (that li- 
quor never having yet been frozen), are now ufed to indicate 
any degree of cold exceeding — 39; quickfilver thermometers 
being ufelefs below that temperature. 

+ Unlefs the ice be reduced to fine powder, ie proportion 
of that to the falt fhould be three (inftead of two) to one. 
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ance, if any, for a few degrees above or below), 
three to two; at —12°, four to three, with the 
mixed acids; and at —-20°, with the diluted vi- 
triolic acid, equal parts. 


If it be required to prepare the materials in a 
frigorific mixture, without the ufe of ice, a mix- 
ture of the proper ftrength may be chofen from 
the Table. 


It is immaterial, when the exact proportions 
of each are known, whether the powdered ice be 
added to the acid, or the acid poured upon that, 
provided the powdered ice be kept flirred to 
prevent lumps forming, and the materials be 
mixed as quick as poflible. But when the pro- 
portion is not known, it is better to be provided 
with more powdered ice, than is expected to be 
wanted; and add it to the acid by degrees, un- 
til the greateft effeét 1s produced, as fhewn by a 
thermometer. 

The confiftence is a pretty fure guide to thofe 
accuftomed to mixtures of this kind; vzz. when 
frefh additions of {now or ice do not readily dif- 
folve in the acid, though well flirred, and the 
mixture acquires a thickifh flocculent appear- 


ance. 


Snow, or powdered ice, that have ever been 


fubjeéted 
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fubjeéted to a cold lefs than freezing are fpoiled, 


or rendered much lefs fit for experiments of this 
kind. | 


I prefer the method of adding powdered ice 
or {now to the acid in a /eparate veflel, princi- 
pally becaufe the fize of that veffel may be ex- 
aftly adjufted to the quantity of mixture it is to 
contain. 


A mixture made of diluted nitrous acid, phof- 
phorated foda, and nitrous ammoniac (by much 
the moft powerful of any compounded of /falts 
with acids) prepared with the greateft accuracy, 1s 
not quite equal to a mixture of {now and nitrous 
acid, each mixed at 30°, although very nearly fo. 


Though quickfilver may be frozen by falts 
diflolved in acids, it is neceflary that the mate- 
rials be cooled, previoufly to mixing, much 
lower than when fnow or ground ice are ufed. 


If it be required to mix the powdered falts 
and acids at alow temperature, the beft method 
is this: put firft the nitrous ammoniac into the 
large tube of fuch an apparatus as fig. 7. fhaking 
it down level, gently prefling the upper furface 
fmooth ; then the phofphorated foda, or Grau- 
BER'S falt ; cover this with a circular piece of 

; whiting 
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writing paper; and’ pour a little melted white 
wax upon it, and when cold,; pour upon. this. 
the diluted nitrous acid: immerfe this in aifri- 
gorific mixture till it is fufficiently cold, as 
found by dipping the thermometer .into. the 
liquor occafionally ; force a. communication 
through, and ftir the whole thoroughly toge- 
ther, contriving that the upper flratum of falt, 
that is, thé phofphorated foda or Giauper’s: 
{alt, be mixed with the liquor firft, and then the 
nitrous, ammoniac,;; the powdered, falts do not 
require ftirring whilft cooling, like fnow, for, 
however hard they are frozen, they will readily 
diffolve in the acid; care muft be taken that the, 
partition be perfe€t between the falts and liquor; 
and that in this, and every inftance where the, 
materials are to be cooled, they be rmmerfed de- 
low the furface of the frigorific mixture, 


The ftrength of the red fuming nitrous, acid, 
ufed in thefe experiments, I found to be 1,510, 
and that of the vitriolic acid 1,848. 


Thefe experiments were chiefly made in a 
warm room, not far from the fire fide, 


I have now finifhed my propofed plan re- 
{peGting the beft modes of conducting experi- 
ments on cold; in which it will appear, .that I 


have 
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have redueed the; congelation of quighfqwer, in 

any climate, at any feat an, to as cettain, and. 
almoft as eafy a procefs,“as that I originally fet 
out with, for the freezing of water, viz. by pre- 
vioully copling ‘the mattrials in one naixture, 


i‘ 5 x 


to producé. the effeat i in a, ‘fecond. e iy 


of ww 
ral 


It may very likely dpette to fome, that: d have 
been too minute'in a few particulars; yet. as per 
haps experiments of this ‘kind, all circuns{tances 
confidered; are inferior to few in ‘the delicacy 
required to make them fucceed completely, I 
truft I fhall be excufed by thofe who -choofe to 
repeat them, particularly” fuch;as are not in the 
habit of making experiments of this kind efpe- 
cially if it: ‘fecure them, from an unfuccefsful at- 
tempt, ad that, Hethaps, without being: able to 
account for it. 


Oxrorp, rT ee | 
March 1, 19795. | 
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It is very well known, that vitriolic. ether will 
produce fufficient cold by evaporation to freeze 
water; this circumftance is noticed by many, 
and feveral different methods have been pro- 
pofed, pardeularty one by Mr. Cava_to, * with 

avery 


_ * Mr. Cavatto’s method confifted in appliinih’s {mall 
ftream of ether to the naked bulb of his thermometer, through 
a capillary tube, conneéted with a {mall phial, containing the 
ether, by which means he brought the thermometer down, 
when the air was fomewhat warmer than temperate to 3°, and 
in any feafon of the year, converted a {mall quantity of water, 
contained in a glafs tube to ice. Mr. C. likewife gives a 
method of purifying ether, which is thus: Toa given quan- 
tity of common ether, add double the quantity of water ; thefe 
are to be agitated together, and after refting three or four 
minutes, the water is be fuffered. to run out from the ether 
through the mouth of the inverted bottle ;_ more water ig 
then to be added to the ether, and the fame operation repeated 
three or four times; the ether which is now left on the fur- 
face of the water, but much reduced in quantity, will be 
exceedingly pure.—Phil, Tranf. 1781. c 


tf 


.* 





Dr. FRAnKiIN, aflifted by Dr. Havtey, produced an ex- 
traordinary degree of cold, by evaporation, with ether, in 
which account they funk the thermometer, Dr. F, fays, from 
65°, the temperature of the air at that time, down to 7°; this 
experiment was conduéted in the ufual way, that is, by re- 
peatedly and alternately wetting the naked bulb with ether, 
and blowing upon it with a pair of bellows to quicken the 
evaporation.—F RANKLin’s Experiments and Obfervations on 
Eleétricity and other Philofophical Subjeéts. 

Whatever haftens the evaporation of the ether, increafes 

fa hy “ its 
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a very ingenious apparatus for the purpofe (Phil. 
Tranf. voli-lxxi); neverthelefs,:as'I am) upon 
the fame fubject, and. the following experiments 
differ, as-well in the effe& produced asin the 
particular mode of-condu€ting them, front any; 
Iy‘have met with, I have ventured to mention 


them. 


June.29,. 17.92, temperature of the air Jhes. I 
funk.a thermometer (the. bulb bemg covered with 
fine lint tied over it; and’clipped clofe: round); 
by dipping it in ether, and fanning it, to 26°} 
then «by expofing the thermometer to the brifk 
thorough air of an open window, to 20°;. and, 
again, by ufing fome of the {ame ether, put 
which had, been. purified by agitating it.,with 
eight times its weight of water, applied exadtly 
as in the laft experiment, the thermomieter funk 

33 Ke 


its effe€t this way: thus,.Mr. NarrNg mentions an experi- 
ment made for producing artificial cold, by, the,,¢vaporation 
of ether placed under the receiver of: Mr. SMEATON’s, im- 
proved air-pump ; in which, it is faid, the thermometer funk 
from 55° .,.{ the femnperatre) of the air, in the room at the, time) 
to 48° below 9°.—Phil. Tranf. 1977.. , 

Vatriolic ether (the lighteft and moft evaporable suse known) 
is faid to be fo extremely volatile, that its parts are kept toge- 
ther by the preffure of the atmofphere only ; if that therefore 
were taken off, it would inftantly vanifh: hence, perhaps, it 
might be reafonable to expec the completelt effeét, by fubjett- 


ing ether to a torricellian vacuum. 
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81 
to 120.* Water tried in the fame manner, at 
the fame temperature, funk the thermometer to 
56°. | 
A whirling motion was given the thermome- 
ter during each experiment. q 
The lint was renewed for each experiment, q 
and the bulb required to be dipped into the i 
ether thrice; the firft time fufficiently to foak | " 
it, after which the thermometer was held at the i : 
window till it ceafed to fink; then a fecond ~ nt 
quick immerfion, and likewife a third, expofing | | 
the thermometer in like manner after each im- ; 
merfion. | ; ! 
‘In this manner a little water in a {mall tube / Hi a 
may be frozen prefently, by good ether not pu- i: 
rified, at any time, efpecially if a fmall wire be ) 
ufed to fcratch or fcrape the fides of the tube, 
below the furface of the water. See p. 28. ; ; 
During the warmeft weather of laft fummer, I | 
eager dy froze water in this Way. : 
May ep, sRigeh Thre temperature of the air i 
being 50°; likewife very brifk, and dry; which / 
I have found to be the moft favourable ftate of | 
the air for producing cold by evaporation: I 
’ ne ssbb ie took 





t bia could never fink a thermometer near fo low, by ap- 
plying ether to the naked bulb, . 
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took an opportunity of afcertaining the degrees 
of cold which might be produced at that tem- 
perature by this procefs, with the ufe of vitri- 
olic ether, reGtified fpirit of wine, and water: 
the bulb of the thermometer in each inftance 
being covered with a fingle ply of fine lint, put 
on with the down outwards; and the experiment 
conduéted exactly as in the method laft men- 
tioned. ‘The refult was, that the ether funk the 
thermometer to 5°, rectified fpirit of wine to 31°, 
and water to 38°. Having likewife in the courfe 
of the preceding winter frequently fucceeded in 
producing ice, by the cold produced from eva- 
poration with water, when the temperature of 
the air was 98°; it occurred to me, that it might 
be poflible to freeze water in the middle of fum- 
mer, by a procefs which depended on this prin- 
ciple, by the ufe of water only. 

Accordingly I procured a tall cylindrical veffel, 
holding about two gallons,* in which is fixed 
a fmall fpiral tube, as in the worm-tub of a 
common ftill; the lower end of this tube comes 
out through the veflel near the bottom, fufficient 
to conneét the nofle of a pair of bellows to it, 
by the intervention of a bladder, fecured air- 
tight: this fpiral tube ends at the top of the 
cylindrical veffel, where it 1s fomewhat enlarged, 
like the mouth of a funnel; (fee the plate, fig. 
11.) this veffel being covered with flannel, was 

filled 


* This veffel is filled at a {mall aperture in the top. 
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filled with water and hung out in a brifk dry 

wind, the temperature of the air being 50°; after 
fome time, by repeatedly wetting the flannel on 
the outfide the veffel, I found the water within 
was cooled to 40°; air being then forced through 
the tube (by means of the bellows), furrounded 
by the.cooled water, came out at the upper extre- 
mity of the tube at nearly the fame temperature. 
_ A thermometer, having its bulb covered with 
lint. and wetted repeatedly with the cold water 
in the veflel, placed fo as to receive the draught 
of cold air from the tube, foon funk to 34°;* 
hence by a feries of two or three of thefe veflels, 
water might, upon this principle, be frozen at 
midfummer, recolleG@ing that this experiment 
may always commence at 50°, the ufual tempera- 
ture of {prings: and hence it might be poflible 
upon the fame principle, to caufe nature upon a 
{mall fcale, even without the immedzate interpofi- 
tion of art, to depart from her ufual courfe, and toe 
affume the hoary garb of winter at midfummer. 

For this purpofe, a current from the external 
air might be admitted into the tube by means of 
a funnel, communicating with, and receiving, a 
conftant draught of air. | 

‘In an attempt of this kind, it would be 


neceflary (befides fome other variation in the 
G 2. veflels, 


* The objeét of this experiment was merely curiofity ; but. 


it ferves to fhew to what extent evaporation may be carried, 
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vellels, which circumftances might point out) 
that the cylindrical veffels be porous, or pierced 
with {mall holes, fo that the water may be con- 
t ; 4 J a I A cy Fr . 

ftantly and gently oozing out. 


Thefe difcoveries I have the fatisfa€tion of 
being affured are already confidered as no tri- 
fling addition to the general ftock of philofophi- 
cal knowledge; and I flatter myfelf they will be 
confidered hereafter as a new and valuable ac- 
quifition to the hitherto parched inhabitants of 
the torrid zone; for they not only furnifh thofe 
with the means of enjoying the comfortable and 
falutary effects of cool liquors, and the luxury 
of ices, and at a price not greatly exceeding that 
at which they are procured in the hot feafons of 
cooler climates; but may likewife be extended 
even to cooling the very air which they breathe: 
for I have no hefitation in declaring, that the 
air of a room in the hotteft part of the world may 
be cooled, to any temperature defired, and the 
fame preferved any length ‘of time. 


Upon this confideration I fhall add a word or 
two more concerning the beft mode of its appli- 
cation : 

Firft, I fhall obferve, that a veffel containing 
a convenient quantity of water may be immerfed 
over night, in fo much of either of the freezing 
mixtures 
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mixtures as will, according to the temperature 
of the place and heat of the feafon, convert the 
water into ice by the next morning. The ice 
thus made, may be ufed throughout the day with 
common falt, in the ufual way ;* and the mate- 
rials recovered for ufe again by evaporation, or 
diflillation and cap Rdlbiaticit , 

Secondly, Ice once generated, may, by tha 
following method, be accumulated in confiderable 
quantities, at a {mall expence: in the plate, 
(fig. 10.) L have given a reprefentation of an ap- 
paratus which I fhall call an ice-accumulator; it 
confifts of a veffel, upon which fits a cover, 
into which cover is fixed any number of cylin- 
drical tubes (in the plate only five are repre- 
fented, in order to convey an unconfufed idea 
of it), placed at equal diflances; ft it is ufed 

G23 win thus: 
* The method ufed in the Eaft Indies for freezing creams, 
&c, as fubjoined by Sir Ropert Barker to his account of the 
procefs ufed there for procuring ice, fe note at fage 21, 18 
the following:—The fherbets, creams, or other liquids in- 
tended to be frozen, are confined in thin filver cups, of a co- 
nical form, containing about a pint, with their covers well 
luted on, with pate, and placed in a large veffel filled with 
ice, nitre, and common falt, of the two laft an equal quantity, 
and a little water to diffolve the ice and combine the whole. 


+ In the fmall apparatus of this kind which I have, there are 
fixteen tubes, each of which will contain half an ounce of 
water; and the veffel for the freezing mixture contains, when 

| the 
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thus: a fufficient quantity of freezing mixture, 
is put into the veffel; then the cover, with its 
tubes filled with water, is put on; as foon as 
the water in the tubes is frozen folid, the cover 
is to be taken off, and the tubes immerfed in 
water at a warmer temperature, till the cylinders 
of ice are loofe enough to be thrown out into a 
fieve, or any refervoir full of holes; the tubes 
are then to be again filled with water, and fub- 
jected to the freezing mixture ; this is to be re- 
peated as long as the frigorific mixture will pro- 
duce its proper effect; it 1s better to have two 
covers, each having a fimilar fet of tubes; for 
then, no time is loft, one fet or the other being 
conftantly in the frigorific mixture. When by 
this means a fufficient quantity of ice 1s gene- 
rated, a freezing mixture of ice and falt may be 
fubflituted for the chemical mixture at firft ufed, 
and the procefs conduéted in the fame manner; 
thus, one pound of ice (originally generated by 
a chemical mixture) with a proper proportion of 
falt, will, in a hot climate, if managed cecono- 
mically, produce at leaft three pounds of ice ;* 

therefore 
the lid (with the tubes fixed in it) is on, two quarts, The 
principle of this method is too evident to require a comment 5 


and. any variation, or additional number of veffels, may be 


fuggefted, as different circumftances occur. 


* It muft be underftood here, that I do not pretend to 
have afcertained the exaé proportion of ice which might thus 


be 
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therefore a very confiderable quantity of ice, 
may, in a fhort time, and at very little expence, 

be accumulated from a very {mall portion; and 
if more than one apparatus be employed, that is, 

if a fecond freezing mixture is prepared as foon 
as the firft has acquired too much heat to pro- 
duce the effet of freezing; and after that a 
third, and fo on; the water may then be cooled 
progreflively, by immerfing it firft in the warmeft, 

and on by degrees to the coldeft ; each in fuc- 
ceflion, and by that means the portion of ice 
accumulated will be wonderfully increafed. 


Although I confider the methods above men- 
tioned as applicable to hot countries only, yet, 
as the winters of colder climates are fometimes 
too mild to furnifh any natural ice, the above 
method may be perhaps occafionally had re- 
courfe to here. 

In latitudes under 35°, I am informed, froft is 
{carcely ever experienced. Therefore it is pro- 
bable, that hereafter thefe obfervations may be- 
come very extenfively ufeful. 


be produced in a hot climate, or even in the hotteft weather 
‘here ; having had neither fufficient leifure nor inclination for 
‘fuch an experiment ; but I have afcertained the general. faét, 
that ice may, by this means, be fpeedily and confiderably ac- 
eumudated in the hotteft weather of this climate. 


RECA- 
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By an examination of the Introduétion, it will 
be found, that the means’of producing Artificial 
Cold, without the ufe of ice, has long been an ob- 
ject of inveftigation, and that various attempts 
have been made, with this view, by Mr. Boytz, 
Monficur Homsere,* and others, to the very 
time when thefe experiments were undertaken. 

It likewife appears that no chemical mixture 
had been difcovered capable of producing cold 
fufficient for generating ice in the fummer of 
fuch a climate as England. 

Therefore we may conclude, the firft time, 
that ice was thus generated by a chemical mixture, 
was on July 18, 1786.—Scee page 9. 


Having reflected on my fuccefs with a folution 
of falts in water, and likewife, on the great de- 
gree of cold which 1s produced by ice ({now) 
and the mineral acids, and the familar proper- 

ties 

* The experiment of M. Homsere, fee Introd. page ix, 


was originally publifhed in the Memoirs of the French Aca- 
demy of Sciences for 1700, p. 116, 
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ties of GLauser’s falt to ice, I refolved to try 
the effeé&t of this falt inthe mineral acids, .5; 
and, from the event, was led io believe I had 
difcovered the means of freezing water, or other 
liquids, in any climate. 


_ The Experiments on the Congelation of Ouick- 
filver, recited in the third paper, were chiefly 
inflituted for the purpole of confirming my ex- 
periment, fee page 7, made for freezing that 
metal with mixtures of falts and mineral acids, 
merely with a view of exhibiting the unlimited 
power of thefe mixtures. 


With refpe& to my experiment, on the cool- 
ing of water fo far below its freezing point, in 
which [have afcertained a curious faét, viz. that 
common water, under certain circumftances, will 
refift, without freezing, the utmoft cold almoft, 
to which this climate is fubject, . 25; and like- 
wife the particular kind of agitation,* which 


moit 


* Dr. BracpeEn in his curious paper “ On the cooling of 
water. below its freezing point :”? remarks on the miftaken 
opinion that agztation of any kind, facilitates the freezing of 
water, and mentions feveral trials he made to difcover that 
particular agitation, which moft frequently fucceeded. Pil. 
Tranf. 1788, p. 132, 133.—It is proper and curious to re- 
mark here, that my paper, in which the circumftance alluded 
to is noticed, was tran{mitted to the Royal Society, before the 
above-mentioned paper of Dr, Bracpen’s was publifhed, 
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moft facilitates the freezing of water, p. 27, 28. 
Thefe I confider as incidental. I may add here, 
that I have fcarcely ever failed to bring on the 
freezing of water, in the manner def{cribed ; and 
this, however thick the veffel might be, which 
contained the water, and whether I ufed a me- 
tallic, or a glafs point; and a curious expe- 
riment enough it is. : 


Nitrous ammoniac, ~. 15, produces, by fo- 
lution in water, 49 degrees of cold.* I have 
frequently produced ice, by a folution of this 
falt in water, when the thermometer ftood at 70°. 


The method defcribed in the fourth paper, 
o. 5,6, of imitating, or rather producing a fub- 
ftitute, for fnow, by freezing water in a tube, 
and grinding the ice into fine powder, may be 
confidered as a convenient and effective fubfti- 
tute for {fnow, which may moreover be pro- 
duced at any time, and is, befide, fuperior to it 


in effect, p. 63, 64. 


With refpe&t to the probable utility of 
thefe difcoveries, in hot climates, I think 1t 
may be reafonably inferred, from the avidity 
with which, it is well known, ices and cool 

liquors 


* Common fal ammoniac, conduéted in the beft way, fee 


page 2, produces only ge degrees of cold by folution in water, 
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RECAPITULATIONS “te 
liquors are coveted in the fummer of temperate 
climates; fecondly, from the confideration, 
as plainly appears, that no poflible method 
was known prior to the original publication | 
of thefe experiments in the Phil. Tranf. for 1 | 
1787; excepting by the ufe of ether, if that 
could effect it, and by the procefs of evapora- 
tion, in climates where, in the winter feafon, 
the natural cold approximates fufficiently near | 

_for the purpofe, as in fome parts of the Eaft 
Indies; fee the note at page 21: and, thirdly, a 
fince it is certain that feveral of thefe frigorific : 
mixtures will produce, znflantaneoufly, a degree 
of cold fufficient to freeze water, or creams, in 
any part of the world, at any feafon :*—Notes 
from page 19 to 22. | | 

At pages 23, 24, will be found a cheap and 
convenient procefs for freezing water in the 
fummer of this climate, or producing cold for 
other purpofes, when ice is not at hand. © | 


It may be obferved, that a hoar froft is always 
depofited on the outfide of the veffel (if not very 
thick) to the height of the mixture within ; the | 
continuance, or prefence of this, is a teft, without 
the ufe of a thermometer, of the power of 5 = 





mixture for freezing water. 


I fhall 


* T have no doubt, bold as the affertion may appear, that I 
could cool the air of a room, even in Bengal, to below freezing. 





i A i HH a He ae rn Het He aa 


a 








RECAPITULATION, 


¥ fhall conclude this retrofpect by obferving, 
that I have fhewn, page 82, that it 1s poffible to 
freeze water m fummer by the afliflance of 

y 

air and water only. 

I have chofen to recapitulate the above par- 
ticulars, confidering thofe as the moft effential, 
and withing therefore to imprefs them more 


flrongly on the mind of the reader. 
See 


For the different freezing mixtures. the bef 
Brome eins of the materials, and their different 
powers,* fee the table at page 67, and the direc 


tions W i a follow it. 


Since it has been found that the effet of thofe 
falts ais produce cold, by folution in the 
mineral acids, 1s in proportion to the quantity 
of water contained im the cryftals, the pheno- 
menon feeming to depend entirely on that cir- 
that 
their effect this way approximates fo nearly to 

that 


eumflance; fee page 47; and confidering 


o 


* The reafon why there is fuch a difference in the refult 
of the farne experiment made at different times, 1s becaufe the 
firft obje€t was difcovery, afterwards preeifion ; and as the 

atnefs of the effect depends principally on the finenefs of 
a powder, to which theice or falts are previoully reduced, 
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icarcely any Preczfe limits can be given. 
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3 
that of ice,* which differs from the falts only in 
being purcly cryfialized water; one might be 
almoft led to predict, that- the frigorific mix- 
tures defcribed in the preceding papers will 
never be much exceeded. This confideration, 
with the perfuafion that thefe mixtures are ade- i 
quate to any ufeful purpofe, that can be 3 | 
required, has operated fo far with me, as to pre- 
clude any attempts of mine to profecute thefe 
experiments further. 


It is probable that fome may think lightly of | 
thefe experiments, as confifling of little more i 
than diflolving various falts in ‘different liquors. 
OF fuch, if any there be, I fhall, firft reminding 
them that not one ftep has been the refult of Hae 
accident, beg leave to be informed by what ae 
{trange infatuation it happened, that thofe who , i 2 | 
preceded me in the invefligation of the fame i 
fubje& Nopped at the very entrance, when fuch i i 
an ample field for valuable difcovery, as it now iH 
appears, lay open to them: and to remind them, | 
fo obvious feems a difcovery, when communicated, if 
that {carcely any thing new is found out, but 

* A mixture of {now and nitrous acid produces only three 
degrees more cold, than a mixture compofed of phofphorated 





foda, nitrous ammoniac, and diluted nitrous acid, each mixed 
at 32°. : 
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94 
our greateft furprife is, that it fhould have re- 
mained fo long a fecret.* 


I fhall now difmifs this fubje€t with fome de- 
gree of confidence, and a fincere hope, that the 
employment of my leifure hours may have 
afforded fomething inftruétive, as well as cu- 
rious; and that although I relinquifh the fub- 
je&t, from a confcioufnefs of being unable to 
extend it further myfelf,t I do not prefume to 
fet limits to the courfe of nature, or wifh to dif- 
courage the efforts of others, who may choofe to 
take up the fubje@ after me; but rather to en- 
able fuch to ftart to the beft advantage, by put- 
ting them in poffeflion of all the information in 


my power. 


* Scarcely any perfon need be informed, that fulphur, 
faltpetre, and charcoal, were familiarly known, long before 
any one thought of mixing them together to make gun-powder. 

+ It may be neceflary to obferve here, that there are a few 
other falts, which might be enumerated as inftances of pro- 
ducing cold by folution in water or acids: butas the effett of 
fuch are inconfiderable, compared to thofe given, I have 


omitted them, 


THE END. 
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( 95 ) 
EXPLANATION OF THE PLATE. 





Fig. 1. Reprefents a veffel in one piece ; this veffel 1s openat 
the bottom, and hasa tube, (reprefented by the dotted line) open 
at the top; the body of the vefiel holds when inverted two 
pints; the tube will contain four ounces and a half. 


Fig. 2, A veflel confifting of two parts, viz, the body, 
which holds a pint ; and the tube (in one piece with the lid), 
which contains three ounces.. The upper part of the tube 
rifes above the level of the lid juft fufficient to ferve for a 
_ handle. This veffel may be uied inftead of the veflel fig. 9. 
See page 60. 

Fig. 3. The inftrument for grinding the ice into powder, 
it works upon a fhort centre point, and has the edge bevelled 
contrary ways on each fide the point, fo as to follow. The 
finenefs of the powder is regulated by the degree of preffure 
ufed. The handle is wood, the reft metal: it has a cover 
which flips up or down ; this cover, . when it is uled, fits on 
the tube in which the ice is ground, to exclude the external 
air, and to keep the inftrument fteady; the bottom of the 
handle forms a fhoulder or guard, to prevent the point of the 
inftrument from touching, {fo as to endanger injuring, the 
bottom of the tube. The inftrument fhould be made, fo as 
to fit, without grating the infide of the tube in ufing. In the 
ufe of thisinftrument, it muft be obferved, that in confequence 
of the projeétion of the point, (uniefs the bottom of the tube 
is made to receive it), a {mall quantity of the ice will remain 
unground, at the bottom of the tube; this quantity ought to 
be previoufly known, and allowed for, 


Fig. 4. A thermometer, with the lower part of the {cale- 
board turned up with a hinge, for the convenience of taking 
the temperature of {mall quantities, or of mixtures, in which 
mineral acids form a part. 

Fig. 5. A thermometer glafs, with the bulb three-fourths 
full of quickfilver. 


The above comprifes the whole of the apparatus neceflary, 
and mo‘ convenient, for the purpofe of freezing Quickfilver. 
Fig. 6, 7, 8, which follow, reprefent different forms of fingle 
veffels, which have occurred to me, for the fame purpole : 
of thefe Fig. 8, with the inftrument Fig. 3, adapted to it, is, 
iL 


[ think to be preferred; and would make a complete porta- 


ble apparatus, particularly for experiments upona {mall f{cale. 


Fig. 
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96 EXPLANATION, OF THE PLATE. 


Fig. 6. A vefiel in one piece. This veflel is open at the 
bettom, and has a tube (reprefented by the lines) open at the 
top ; the lower or {maller part of which is formed by a con- 
traétion or leffening of the tube, in diameter, merely for the 
purpole of leaving a {mall fhoulder, for a temporary partition : 
the body of the veflel holds, when inverted, two pints; the 
tube will contain five ounces, its lower or {maller part, con- 
taining rather de/s than one-fifth of the whole. 


Fig. 7. A veflel, confifting of three parts, viz. the body 
part, which holds two pints; and the lid with a tube, the 
ipper part of. which rifes above the level of the lid juf? fuff- 
cient to ferve as a handle, and within this a fmaller tube, hav- 
ing a valve at the bottom. 

Fig. 8, A veflel, confifting of three parts, viz. the -body, 
and the lid, with two tubes; the larger of which is in one 
piece with the lid, and the fmaller tube takes in and out of 
the lid occafionally, having a valve at. the bottom. Each 
tube is marked with a diamond, at the height to which 
it is to be filled, the fmaller one with the acid, and the larger 
with the water to be frozen. 

Fig. g. A veilel of tin, open at bottom, with a cupping- 
glafs, (as reprefented by the dotted line), cemented into it. 

Fig. 10. A veffel, in two parts, viz, the body, and the 
lid, with tubes, open at the top, cemented into and forming 
one piece with the lid. 

Fig. 11. Acylindrical veflel, defcribed at page 82. The 
funnel part of the tube (at the top of the veflel) is pierced 
with a number of {mall holes, communicating with the tube, 
but not opening into the veffel. 


N.B. The tubes of each of the veffels, fig. 1, 2, 6, 7, 8, 
fhould be fomewhat fhorter than the veffels, fo as not quite 
to reach the bottom of it; and the veffels 2, 6, 7, 8, muft 
be entirely of glais: the veflel 1, may be entirely of tin. 

The veffels 1, 6, 9, which are left open at the bottom, 
fhould have a grapve (as reprefented) to receive the {tring in 
tying them over. 

¢& The different veflels may be made (of any fize) accord - 
ing to the proportions given in the plate, without attending 
to the precile quantities it is {pecified they fhould contain, 

Tubes of glafs (not very thin) will refift the expanfion of 
ice, without breaking, as I have commonly found, although 
immer{fed in a cold of —15°, or greater.—Obferve, to avoid 
the ule of any metallic body with either of the mineral acids, 
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